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Abstract 
Background 
PUMA was commissioned to develop, implement and evaluate a paediatric track and 
trigger tool for widespread adoption.  Following findings from three systematic reviews, 
revised aims focused on implementation of a whole systems improvement programme.  
Objectives 
• Identify through systematic review: 
o evidence for core components of effective paediatric track and trigger 
tools and paediatric early warning systems 
o contextual factors consequential for paediatric track and trigger tool and 
early warning system effectiveness 
• Develop and implement an evidence-based paediatric early warning system 
improvement programme (PUMA Programme) 
• Evaluate the effectiveness of the PUMA Programme by examining clinical 
practice and core outcomes trends  
• Identify ingredients of successful implementation of the PUMA Programme 
Review methods 
Quantitative reviews addressed: 
o How well validated are existing paediatric track and trigger tools and their 
component parts for predicting in-patient deterioration? 
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o How effective are paediatric early warning systems (with or without a tool) 
at reducing mortality and critical events? 
A qualitative review addressed: 
o What socio-material and contextual factors are associated with successful 
or unsuccessful paediatric early warning systems (with or without tools)? 
Intervention 
The PUMA Programme is a paediatric early warning system improvement programme 
designed to harness local expertise to implement contextually appropriate 
interventions. 
Design 
Interrupted time series and ethnographic case studies were utilised to evaluate the 
PUMA Programme.  Qualitative methods were deployed in a process evaluation. 
Setting 
Two district general and two tertiary children’s hospitals.  
Main outcome measures 
The primary outcome was a composite metric, representing children in a month that 
experienced either: 
• Mortality, 
• Cardiac arrest, 
• Respiratory arrest, 
• Unplanned admission to Paediatric Intensive Care Unit, or 
• Unplanned admission to Higher Dependency Unit 
Paediatric early warning system changes were assessed through ethnographic ward 
case studies. 
Results 
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Reviews showed limited effectiveness of paediatric track and trigger tools in isolation 
and multiple failure points in paediatric early warning systems. 
All sites made paediatric early warning system changes and some of the clearer 
quantitative findings appeared to relate to qualitative observations. 
Systems changed in response to wider contextual factors. 
Limitations 
Low event rates made quantitative outcome measures challenging. 
Implementation was not a one-shot event, creating challenges for the interrupted time 
series in conceptualising ‘implementation’ and ‘post-intervention’ periods. 
Conclusions 
Detecting and acting on deterioration in the acute hospital setting requires a whole 
systems approach. 
The PUMA Programme offers a framework to support on-going system improvement 
work; the approach could be used more widely. 
Organisational level system change can impact positively on clinical outcomes. 
Alternative outcome measures are required for research and quality improvement. 
Future work 
• Consensus study to identify up-stream indicators of paediatric early warning 
system performance 
• Evaluation of OUTCOME approach in other clinical areas 
• Evaluation of supernumerary nurse coordinator role 
• Evaluation of mandated system improvement. 
 
Study registration 
PROSPERO registration number: CRD42015015326 
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Plain English Summary 
Children in hospital who become more unwell are not always recognised to be 
deteriorating.  Track and trigger tools are a popular approach to this problem; they 
record key vital signs (e.g. heart rate, temperature) and prompt staff to act if these fall 
outside an acceptable range. 
We were funded to develop, implement and evaluate an evidence-based paediatric track 
and trigger tool for widespread adoption.  Research reviews found little evidence to 
support track and trigger tool use in isolation and revealed that failures to detect 
deterioration related to wider system issues such as equipment, training, and 
communication. 
Considering these findings, we developed a programme to improve systems for 
detecting and responding to children who deteriorate (the PUMA Programme).  It 
included a description of the core components of a paediatric early warning system 
(PUMA Standard), tools to support assessment of local systems, and resources to 
support improvement teams. 
The Programme was implemented in two district general hospitals and two tertiary 
(specialist) hospitals.  We evaluated (quantitative) impacts by measuring trends in 
death and adverse events before, during and after implementation of the Programme 
and qualitative assessments of changes to the system and clinical practice in ward case 
studies. 
All four hospitals made changes to their systems in line with the PUMA Standard.  In 
some cases, these were associated with positive impacts on clinical outcomes.  Using 
quantitative measures of in-patient deterioration was challenging, as these were 
infrequent.  Alternative measures are needed to support research and improvement in 
this field. 
All four hospitals experienced system changes arising from other factors than the PUMA 
Programme, highlighting the variety of influences on paediatric early warning systems 
and the importance of regular assessment. 
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We studied users’ experiences of the PUMA Programme.  These insights informed 
revisions to the Programme which evaluated positively in three additional hospitals. 
Scientific Summary 
Background  
PUMA was commissioned to develop, implement and evaluate a paediatric track and 
trigger tool to address the problem of missed deterioration in hospitalised children.  
These aims were revised in the light of three systematic reviews, which showed limited 
effectiveness of paediatric track and trigger tools in isolation and evidence of multiple 
failure points in paediatric early warning systems. 
Objectives 
• Identify through systematic literature review evidence for the core components 
of effective paediatric track and trigger tools and paediatric early warning 
systems 
• Identify through systematic literature review contextual factors consequential 
for paediatric track and trigger tool and early warning system effectiveness 
• Develop and implement an evidence-based paediatric early warning system 
improvement programme (PUMA Programme)  
• Evaluate the effectiveness of the PUMA Programme by examining clinical 
practice and core outcomes trends  
• Identify the key ingredients of successful implementation and normalisation of 
the PUMA Programme. 
Methods 
Workstream 1: Evidence reviews and PUMA Programme development   
Quantitative reviews addressed the questions: 
1: How well validated are existing paediatric track and trigger tools and their component 
parts for predicting in-patient deterioration? 
2: How effective are paediatric early warning systems (with or without a tool) at reducing 
mortality and critical events? 
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Papers reporting development or validation of a paediatric track and trigger tool were 
included for Review 1.  Papers reporting implementation of a ‘paediatric early warning 
system intervention’ were eligible for Review 2.  Both reviews considered a range of 
study designs involving in-patients aged 0-18.  Outcome measures included: mortality 
and critical events.  Two people independently screened titles and abstracts.  Full texts 
were reviewed independently by six reviewers and assigned to the relevant review 
question.  Data extraction was carried out by two reviewers and discrepancies resolved 
by discussion.  Methodological quality and risk of bias was assessed using a modified 
version of the Downs and Black rating scale. 
A qualitative review addressed the question: 
3. What socio-material and contextual factors are associated with successful or 
unsuccessful paediatric early warning systems (with or without paediatric track and 
trigger tools)? 
The review was informed by translational mobilisation theory and normalisation 
process theory and progressed through an iterative process of searching, analysis and 
interpretation of evidence.  Eligibility criteria and key themes were refined through a 
scoping review.  We undertook systematic searches of literature on paediatric and adult 
early warning systems, situational awareness, and structured communication tools; and 
theory-driven searches on family involvement, observations and monitoring, and 
electronic systems.  Papers were screened by title for eligibility and by full text to assess 
relevance.  Evidential fragments and partial lines of inquiry formed the unit of analysis.  
Data extraction and quality appraisal were undertaken concurrently and checked by a 
second reviewer. 
Intervention Development 
The PUMA Programme is founded on OUTCOME, a novel approach to improvement, 
informed by translational mobilisation theory and normalisation process theory.  
Developed as part of the study, OUTCOME is designed to harness local expertise to 
implement contextually appropriate interventions to achieve an agreed goal.  It 
comprises:  
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• An evidence-based and theoretically informed propositional model of a 
paediatric early warning system derived from systematic review 3 (PUMA 
Standard) 
• Visualisation of the model in the PUMA Wheel 
• System assessment tools 
• Guidance to support improvement initiatives 
• Structured facilitation and on-going support. 
Workstream 2: Implementation and prospective evaluation of the PUMA 
Programme 
The PUMA Programme was implemented in two tertiary children’s hospitals with onsite 
Peadiatric Intensive Care Units (Alder Hey, Noah’s Ark) and two district general 
hospitals (Arrowe Park, Morriston).  Interrupted time series and ethnographic case 
studies were utilised to evaluate changes in outcomes and clinical practices.  Qualitative 
methods were deployed in a process evaluation. 
Interrupted time series 
Analysis involved tracking aggregate monthly rates of mortality and morbidity 
outcomes for up to 18 months before, 12 months during, and 12 months after 
implementation. 
Data 
The primary outcome was a composite metric, representing the aggregate number of 
children in each month that experienced at least one of these events: 
• Mortality 
• Cardiac arrest 
• Respiratory arrest 
• Unplanned admission to Paediatric Intensive Care Unit 
• Unplanned admission to High Dependency Unit 
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Secondary outcome measures were the aggregate number of children experiencing the 
following adverse events each month, with each event recorded individually as a 
separate outcome: 
• Mortality 
• Cardiac arrest 
• Respiratory arrest 
• Unplanned admission to Paediatric Intensive Care Unit 
• Unplanned admission to High Dependency Unit 
• Other medical emergencies requiring immediate assistance 
• Reviews by Paediatric Intensive Care Unit staff 
Analysis 
A separate interrupted time series model was fitted on data from each hospital.  To 
model the trajectory for all pre-implementation, implementation and post-
implementation periods, two intervention start points were considered: 
• Start of the implementation period  
• Start of the post-implementation 
Changes of level and of slope at the adjacent time points between pre-implementation, 
implementation and post-implementation phases were analysed to assess whether 
there was a statistically significant effect. 
Exploratory analyses examined changes in level and slope of trajectory by (a) fitting the 
interrupted time series model on only data from the pre- and post-implementation 
period and (b) fitting the interrupted time series model at each individual month of the 
implementation period to assess the pattern of changes in level and slope from the start 
of implementation phase until the end, given the potential for the different local 
initiatives to exert their effects over different time periods in different sites.  
Ward case studies 
Data  
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Qualitative data were generated in 4 ward cases studies before and after 
implementation.  This included over 300 hours of observations and 100 qualitative 
interviews with clinical staff and families. 
Analysis  
Data were used in a triangulating fashion to develop concrete descriptions of the 
paediatric early warning system in each ward, local Principal Investigators contributed 
to this sense-making process.  Cross-case analysis was undertaken to explore 
relationship between the PUMA Programme, context, mechanisms and outcomes.  
Programme evaluation 
Data 
Delivery and response to the PUMA Programme were evaluated qualitatively including 
observations, documents, and interviews. 
Analysis 
Data were analysed thematically in relation to the core components of the PUMA 
Programme. 
Synthesis 
Findings from the interrupted time series were analysed in relation to the qualitative 
data for each case. 
Results 
Workstream 1: Evidence reviews and PUMA Programme development  
 Question 1: How well validated are existing paediatric track and trigger tools and their 
component parts for predicting in-patient deterioration? 
The review included 27 studies.  Several track and trigger tools have been researched, 
although most are derived from a limited number of tools.  No tool has been validated 
across different settings and many have only been bench-tested. 
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Question 2: How effective are paediatric early warning systems (with or without a tool) at 
reducing mortality and critical events? 
The review included 19 studies.  A few studies reported significant changes in mortality 
or arrests in hospitalised children as a result of a paediatric early warning system 
intervention; these are typically uncontrolled before-and-after studies, limiting 
confidence in findings.  Three high quality multi-centre studies failed to find any 
significant reduction in mortality or arrests after paediatric early warning system 
interventions.  There is moderate evidence that paediatric early warning system 
interventions may reduce unplanned transfers to a higher level of care, but 
corresponding reductions in hospital-wide or paediatric intensive care unit mortality 
have not been reported. 
Question 3: What socio-material and contextual factors are associated with successful or 
unsuccessful paediatric early warning systems (with or without paediatric track and 
trigger tools)? 
 The review included 82 papers.  There is strong evidence on barriers to successful 
paediatric early warning systems, but limited evidence to recommend use of specific 
interventions to improve their effectiveness.  Track and trigger tools have value but are 
not the sole solution and depend on certain preconditions for their use.  Innovative 
approaches are needed to support family involvement.  Professional judgement is 
important but requires a supportive organisational culture.  New technologies have 
widespread impacts on paediatric early warning systems. 
Translational mobilisation theory was applied to the systematic review to develop a 
propositional model specifying the core functions and minimum socio-material 
requirements of a paediatric early warning system (the PUMA Standard).  Informed by 
clinical experts and parents this laid the foundations for the PUMA Programme. 
Workstream 2: Implementation and prospective evaluation of the PUMA 
Programme 
All sites made changes to their paediatric early warning systems aligned with the PUMA 
Standard.  Initiatives were often adjustments to current processes, rather than new, or 
externally developed, interventions.  Teams found alternative approaches when their 
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initial plans could not be implemented.  Some initiatives were implemented but never 
embedded in practice and some initiatives were never implemented.  In several cases, 
initiatives required the negotiation of organisational constraints outwith the power of 
improvement teams.  Implementing all selected initiatives was not possible within 
available timescales, because of the need to implement across multiple wards or 
because of other competing demands on the improvement team.  At the close of the 
study, improvement work was on going in several sites. 
All sites brought about system changes in reviewing sick children and planning for 
action so that there was a shared understanding of children at risk.  Addressing 
equipment shortages was also significant in several sites.  All sites identified initiatives 
to implement more systematic approaches to involving parents in detecting and acting 
upon deterioration but with limited success.  Several initiatives intended to improve 
situation awareness by enhancing inter-professional coordination between nursing and 
medical teams were abandoned. 
Assessing the impact of the PUMA Programme on quantitative outcomes was 
challenging because of the low event rates for hard clinical outcomes.  Nevertheless, 
several of the clearer quantitative findings appeared to relate to qualitative 
observations.  Alder Hey implemented multiple organisational level changes, mandated 
in response to a critical Care Quality Commission report, which were associated with 
significant improvements in clinical outcomes.  Morriston implemented several 
organisational level system changes at an early stage in the study, which coincided with 
a decreased slope in adverse event rates.  Arrowe Park introduced a safety huddle and 
electronic recording, which strengthened some aspects of the local system and 
weakened others.  Quantitatively, there was no obvious ‘interruption’ to the adverse 
event rate over time.  Very early in the pre-intervention period, there was a change in 
ward manager who was keen to reduce HDU transfers which may have contributed to 
declining event rates over the study.  Noah’s Ark introduced several initiatives in certain 
wards, but no organisational level changes.  The interrupted time series analysis gave a 
mixed picture, which may have produced a clearer trend if we had collected data over a 
longer period. 
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Implementation of the PUMA Programme was not a one-shot event, and this created 
challenges for the interrupted time series in conceptualising the ‘implementation’ and 
‘post-intervention’ periods.  While we conceptualised the ‘implementation period’ as 
twelve months for each site for the purpose of our quantitative analysis, it is important 
to reflect that, this likely varied between each site and was less well defined than in 
some intervention studies. 
While the PUMA Programme emphasises context-appropriate approaches to system 
improvement, certain common standards may have value.  First, clinical expertise is an 
essential component of any paediatric early warning system, and staff turnover has 
potentially disruptive effects.  Professional development is thus a critical component of 
all systems.  Second, lack of access to appropriate equipment impacts negatively on the 
system.  Ensuring equipment is available and functioning is a prerequisite of any 
paediatric early warning.  Third, all sites recognised the importance of involving parents 
in detecting and acting on deterioration but had limited success in implementing 
changes to the system.  Parental involvement in the detection of deterioration is difficult 
to address outside of wider strategies to facilitate parental involvement in children’s 
care. 
While many of the changes implemented in Alder Hey were not formally identified as 
PUMA initiatives, they were in alignment with the areas of improvement identified in 
the site’s self-assessment of their system and show how mandated organisational level 
system change can have positive impacts.  Other sites did not receive the same level of 
organisational sponsorship. 
The study underlines the dynamic qualities of paediatric early warning systems, with 
several sites experiencing changes not formally included in their improvement 
programmes, but as a result of changes in the wider organisational context.  These 
findings point to the value of regular assessment of system functioning. 
Determining the impact and effectiveness of the PUMA Programme using quantitative 
measures of in-patient deterioration was challenging.  Our findings lend weight to 
debates about the appropriateness of downstream individual level outcome measures 
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in this field and point to the need to reach agreement on up-stream indicators of 
paediatric early warning system performance. 
The PUMA Programme was developed with reciprocal learning between the site leads 
and the research team informing the refinement of materials.  While this allowed us to 
adjust the Programme in the light of experience, it created uncertainty for team leads in 
implementing the Programme in their organisations, which required higher levels of 
facilitation than originally planned.  The final version of the PUMA Programme was 
piloted with three additional sites, adding confidence in the feasibility of the approach.  
However, our overall findings lend weight to that of others of the importance of 
investment in improvement skills in healthcare and ensuring teams have resources and 
organisational level support. 
Conclusions 
While there is little evidence for the effectiveness of any specific tool in reducing 
mortality or critical events, PTTTs do have value as mechanisms for coordinating action 
across clinical teams.  PTTTs depend on certain preconditions for their use, however, 
and should be implemented as part of a wider systems approach.   
Locally led service improvement is challenging without adequate resources, skills and 
organisational support, and alternative outcome measures are required to support 
research and quality improvement efforts in this context.  The findings from Alder Hey, 
where system level change was mandated in response to the CQC report, show that 
organisational level whole systems change can bring about positive impacts on clinical 
outcomes.  
The PUMA Programme offers a framework for on-going improvement of paediatric 
early warning systems.  The OUTCOME approach has potential to be used more widely 
to address other areas of healthcare where system complexity poses risks to service 
quality and patient safety. 
Further research 
• Consensus study to identify up-stream indicators of paediatric early warning 
system performance 
   
 
36 
 
• Evaluation of OUTCOME improvement approach in other clinical areas 
• Evaluation of a supernumerary nurse coordinator role in paediatric early 
warning systems 
• Evaluation of mandated system improvement. 
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Chapter 1: Introduction  
Paediatric mortality rates in the United Kingdom are amongst the highest in Europe.1 
While the major contributions to this are from perinatal events there continues to be 
evidence to suggest that missed deterioration and difference in hospital performance 
contribute.2,3,4  Over a decade ago the Confidential Enquiry into Maternal and Child 
Health (CEMACH) highlighted identifiable failures in a child’s direct care in ‘just over a 
quarter of deaths, and potentially avoidable factors in a further 43% of deaths’.2  Over 
700,000 children are admitted to hospital overnight in the UK annually with 8000 of 
these admitted to Paediatric Intensive Care Units (PICU) as an emergency.5  Half of 
these are from wards in the same hospital, suggesting that patients deteriorated acutely 
or had a cardiopulmonary arrest.  These missed opportunities to detect and intervene in 
hospital are instances of 'failures in care' with a physiological, psychological and social 
cost to the child and family.6,7  There is significant short-term added cost to the NHS 
from rising cost of litigation (£1.1 billion).8,9  For a society that values its NHS, this is 
widely recognised to be a situation that needs to be reversed.  It is estimated that 1951 
child deaths would need to be prevented to compare with the best performers in 
Europe.10 
Track and Trigger Tools (TTT), otherwise known as Early Warning Scores (EWS), have 
been a popular response to address missed deterioration in both adults and children.11  
A TTT consists of sequential recording and monitoring of physiological, clinical and 
observational data.12  When a certain score or trigger is reached, this directs a clinical 
action including, but not limited to, altered frequency of observation, a senior clinical 
review or more appropriate treatment or management.  Tools may be paper based or 
electronic, and monitoring can be automated or undertaken manually by staff.42  
Research in the adult care context highlighted that acute in-hospital deterioration is 
often preceded by a period of physiological instability which, when recognised, provides 
an opportunity for earlier intervention, and improved outcome.13,14  As a result, the 
Royal College of Physicians (RCP) endorsed the implementation of a National Early 
Warning Track and Trigger tool for adults to standardise the assessment of acute illness 
severity, predicting that 6000 lives would be saved.15 
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Standardising the use of TTTs to detect deterioration in children has been more 
challenging.  Variation in accepted physiological normal parameters for respiratory and 
heart rate and blood pressure across the age range make it challenging to develop a 
standardised tool suitable for generic application for all hospitalised children.  Some 
single site studies reviewed the performance of individual TTTs, with preliminary data 
on the sensitivity of different cut-offs for physiological measurements.16,17,18  However, 
it was difficult to prove an ‘effect’ based on the outcome measures described, since the 
event rate of in-hospital cardiac arrest or death is low.  Subsequent systematic reviews 
demonstrated potential benefits but no clear improvement in patient outcomes.19,20  
Furthermore, a 2014 review of Paediatric Track and Trigger Tools (PTTTs) throughout 
Great Britain found 85% of units were using a tool but there was huge variability in the 
tools used and most of these were unpublished and un-validated.21  The ad hoc 
utilisation of un-validated TTTs and variance in organisational capacity to respond to a 
deteriorating child has been felt to represent a serious clinical risk. 
PUMA was commissioned by the National Institute for Health Research (NIHR), under a 
call for studies that generated interventions to reduce in-hospital mortality.  The 
original aims of the study were to:  
• Identify through a systematic review of the literature the evidence for the core 
components of a PTTT 
• Identify through systematic review of the literature the evidence for the core 
components of an effective paediatric early warning system. 
• Identify through systematic review of the literature the contextual factors that 
are consequential for PTTT and paediatric early warning system effectiveness 
• Develop a PTTT implementation package 
• Evaluate the ability of the PTTT to identify serious illness and reduce clinical 
events by examining core outcomes 
• Identify the contextual factors that influence PTTT effectiveness 
• Identify the key ingredients of successful implementation and normalisation 
 
The findings of the systematic reviews, which are presented in detail in Chapter 3, did 
not support an exclusive focus on PTTTs.  The quality of studies evaluating PTTTs was 
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generally low and there was limited evidence of their effectiveness in reducing adverse 
events in hospitalised children.  Most of the studies reviewing effectiveness of PTTTs 
also simultaneously implemented changes to the system, making it difficult to 
disentangle effects of the tool from system changes.  However, the systematic reviews 
provided evidence of multiple failure points in systems for detecting and responding to 
deterioration, particularly around detection, preparation and action.  There was also 
emerging evidence on common issues in traditional approaches to implementation and 
improvement, which are often solution-driven, fail to engage the expertise of those 
responsible for implementing in practice, and focus on the use of a tools or 
interventions rather than considering how an issue might be addressed in context.  
As a result of the systematic reviews, the focus of PUMA shifted from PTTTs to a system-
wide approach.  The revised aims were to:  
• Identify through systematic review of the literature the evidence for the core 
components of an effective PTTT and paediatric early warning systems  
• Identify through systematic review of the literature the contextual factors that 
are consequential for PTTT and paediatric early warning system effectiveness 
• Develop and implement an evidence-based paediatric early warning system 
improvement programme (PUMA Programme)  
• Evaluate the effectiveness of the PUMA Programme by examining changes in 
clinical practice and core outcomes trends  
• Identify the key ingredients of successful implementation and normalisation of 
the PUMA Programme 
Drawing on evidence from improvement and implementation literature, the PUMA 
Programme was underpinned by a novel approach, developed as part of the study, that 
aimed to create a better understanding of system strengths and weaknesses in each 
setting, capitalise on the expertise of those with knowledge of how the system worked, 
and focus on the goals – improving detection and response to paediatric deterioration – 
rather than prescribing specific interventions. 
The remaining report is as follows.  Chapter 2 describes the study methods.  Chapter 3 
presents the key findings from the systematic reviews.  Chapter 4 describes the 
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development and implementation of the PUMA Programme.  Chapters 5, 6, 7, and 8 
describe the four cases studies, drawing on both quantitative and qualitative data.  
Chapter 9 provides a cross-comparative analysis of the effects of the PUMA Programme 
across the four sites.  Chapter 10 presents the findings of the parallel process evaluation 
of the delivery and response to the PUMA Programme and key areas of learning.  
Chapter 11, summarises the findings of the PUMA study, considers their implications for 
policy, practice and research, and signposts next steps. 
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Chapter 2: Methods 
This chapter outlines the study methods.  It draws on a published protocol paper.22 
Ethical approval was granted on the 13.4.2015 by NRES Committee South West, 
registration number 15/SW/0084 (Supplementary Material 3: Ethical Approval). 
Study design 
The research was a prospective, mixed-methods, before and after study divided into 
two work packages: 
• Workstream 1 involved the development of an evidence-based paediatric early 
warning system improvement programme (the PUMA Programme) drawing on three 
systematic reviews of the literature.41,42 
• Workstream 2 involved the implementation and prospective evaluation of the 
PUMA Programme in four UK hospitals with an embedded process evaluation. 
Evaluation was conducted both quantitatively (comparing trends in rates of adverse 
outcomes on in-patient wards before, during and after implementation) and 
qualitatively (through ethnographic observations and interviews, evaluating the 
implementation process and clinical practice before and after implementation).  
Theoretical framework 
Translational mobilisation theory 
Translational Mobilisation Theory (TMT) was deployed in order to think systematically 
about paediatric early warning systems and the socio-technical contexts into which an 
improvement programme would be introduced.23,24  TMT is a practice theory that 
describes projects of goal-oriented collective action in conditions of emergence and 
complexity.  The ‘project’ is the basic unit of analysis in TMT and refers to an 
institutionally sanctioned socio-material network of time-bounded cooperative action 
and actors that follows a trajectory in time and space: in this case the detection of 
physiological deterioration and timely intervention in the care of sick children.  TMT 
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directs attention to the institutional contexts in which projects are progressed and 
which provide the socio-material resources that condition collective action and the 
mechanisms through which projects are mobilised.  TMT was deployed to identify the 
core components and mechanisms of action central to achieving the goal of detecting 
and acting on deterioration in hospitalised children, the elements of context that are 
most salient to enacting the goal, and the processes by which that may be achieved. 
Normalisation process theory 
Normalisation Process Theory (NPT), which has a high degree of conceptual affinity 
with TMT, provided an additional theoretical lens to inform the evaluation of 
implementation processes.25  NPT is concerned with ‘how and why things become, or 
don’t become, routine and normal components of everyday work’ and it defines four 
mechanisms that shape the social processes of implementation, embedding and 
integrating ensembles of social practices.26  These are interrelated and dynamic 
domains and include: 
• Coherence (the extent to which an intervention is understood as meaningful, 
achievable and desirable) 
• Cognitive participation (the enrolment of those actors necessary to deliver the 
intervention, which, for our purposes can be human and non-human) 
• Collective action (the work that brings the intervention into use) 
• Reflexive monitoring (the on-going process of adjusting the intervention to 
keep it in place). 
Settings 
A convenience sample of four UK hospitals was selected to represent inpatient units of 
varying size: two tertiary centres with integrated PICUs (Alder Hey, Noah’s Ark) and 
two large district general hospitals without a PICU (Arrowe Park, Morriston) (see Table 
1).  Two hospitals had a PTTT in place for the duration of the PUMA study and two did 
not.  
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Table 1: Summary of study sites 
Site Number of beds  
(excluding PICU) 
Annual in-patients 
(excluding day-cases) 
PTTT use 
1: Alder Hey 
Hospital, Liverpool 
337 in-patient, 15 HDU  Over 200,000 Yes 
2: Arrowe Park 
Hospital, Wirral 
32 in-patient, 2 HDU 2,500 Yes 
3: Noah’s Ark 
Children Hospital 
for Wales, Cardiff 
61 in-patient, 4 HDU 23,000 No 
4: Morriston 
Hospital, Swansea 
38 in-patient, 7 HDU 7,500 No 
 
Public and patient involvement 
The project’s PPI liaison officer, Jenny Preston, convened a Patient and Public 
Involvement (PPI) group, consisting of four parents with direct experience of a child 
deteriorating in hospital. 
The group met at several stages of the project.  Table 2 summarises those meetings, 
their objectives and outputs, and the way in which the group’s feedback was 
incorporated into the project.  More detailed outputs of those meetings and reflections 
on the challenges of integrating PPI involvement into the project are considered in 
Appendix 1, Table 19. 
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Table 2: Summary of PPI meetings 
Meeting 
date 
Objective Summary of feedback Summary of changes 
made 
November 
2014 
To welcome parents to 
the PUMA Parent 
Advisory Group 
To review role and 
terms of reference 
Introduction to the 
PUMA study 
 Terms of reference 
agreed. 
December 
2015 
Presentation of the 
results from the 
systematic review 
focusing on gaps in the 
data and implications on 
the PUMA Study 
Review of Parent 
Information Sheets. 
As a result of the 
systematic review the 
group was informed 
that the PUMA team 
had revised the 
original aims of the 
study away from 
developing a single 
PTTT to the 
development of a 
paediatric early 
warning system 
improvement 
programme. 
Discussion and 
agreement with the shift 
of emphasis from a 
single intervention to a 
system-wide focus and 
review of the 
propositional model and 
system wheel.  
Comments and 
suggestions for changes 
to the Parent 
Information Sheet were 
submitted to ethics 
following several 
required amendments. 
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March 
2016 
Review of family 
involvement processes 
in Alder Hey (RESPOND 
course) 
Review of parental 
involvement tool 
(SHINE). 
Suggested changes to 
SHINE. 
PUMA Programme will 
not make specific 
interventions, so 
changes to SHINE not 
incorporated. 
June 2018 Review of the 
implementation guide 
Thematic analysis of 
parent interviews 
Review of the family 
feedback tool (FFT). 
Suggested changes to 
language, structure 
and content of FFT. 
Significant changes to 
phrasing, structure and 
content of FFT. 
March 
2019 
Feedback on the family 
feedback tool 
Discuss disseminating 
PUMA findings and ideas 
for future research. 
Suggested changes to 
funding proposal for 
project focusing on 
family involvement in 
detection of 
deterioration.  
Funding proposal 
revised and submitted.   
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Workstream 1: Evidence reviews 
Quantitative systematic reviews 
Two systematic reviews aimed to assess in depth the evidence base for the validity of 
PTTTs for predicting in-patient deterioration and the effectiveness of broader ‘early 
warning systems’ at reducing instances of mortality and morbidity in paediatric 
settings.  The review questions were: 
• Review 1: How well validated are existing PTTTs and their component parts for 
predicting in-patient deterioration? 
• Review 2: How effective are paediatric early warning systems (with or without a 
PTTT) at reducing mortality and critical events? 
Search strategy 
A comprehensive search was conducted across a range of databases to identify relevant 
studies in the English language.  Published and unpublished literature was considered 
where publicly available, as were studies in press.  The following databases were 
searched through May 2018: British Nursing Index, CINAHL (Cumulative Index of 
Nursing and Allied Health Literature), Cochrane Central Register of Controlled Trials, 
Database of Abstracts of Reviews of Effectiveness, EMBASE, HMIC (Health Management 
Information Centre), Medline, Medline in Process, Scopus and Web of Knowledge 
(Science Citation Indexes).  To identify additional papers, published, unpublished or 
research reported in the grey literature a range of relevant websites and trial registers 
were searched including Clinical Trials.gov.  To identify published papers that had not 
yet been catalogued in the electronic databases, recent editions of key journals were 
hand-searched.  The search terms included ‘early warning scores’, ‘alert criteria’, ‘rapid 
response’, ‘Track and Trigger’ and ‘early medical intervention.  See Appendix 2 for 
search strategy and results (Tables 20 and 21). 
Eligibility screening and study selection 
PICO (population, intervention, control/comparison, outcomes) parameters guided 
inclusion criteria for the validation and effectiveness studies (see Appendix 3: Tables 22 
and 23).  Papers reporting development of validation of a PTTT were included for 
Review 1, whereas papers reporting the implementation of any broader ‘paediatric 
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early warning system’ (with or without a PTTT) were eligible for Review 2.  Both 
reviews were limited to studies that involved in-patients aged 0-18.  Outcome measures 
considered were mortality and critical events, including: unplanned admission to a 
higher level of care, cardiac arrest, respiratory arrest, medical emergencies requiring 
immediate assistance, children reviewed by Paediatric Intensive Care Unit (PICU) staff 
on the ward (in specialist centres) or reviewed by external PICU staff (for non-specialist 
centres), acuity at PICU admission and PICU outcomes.  A range of study designs was 
considered for both reviews. 
Two of the review authors independently screened the titles and abstracts yielded in 
the search.  Full texts were reviewed independently by six reviewers against the above 
eligibility criteria and were assigned to the relevant review question if included.  
Reasons for exclusion were recorded.  Separate data extraction forms were developed 
for validation and effectiveness studies.  The forms had common elements (study 
design, country, setting, study population, description of the PTTT or early warning 
system, statistical techniques used, outcomes assessed).  Additional data items for 
validation studies included the items in the PTTT, modifications to the PTTT from 
previous versions, predictive ability of individual items and the overall tool, sensitivity 
and specificity and inter- and intra- rater reliability.  Effectiveness studies included an 
assessment of outcomes in terms of mortality and various morbidity variables.  Two 
reviewers carried out data extraction and discrepancies were resolved by discussion.  
For effectiveness studies, effect sizes and 95% confidence intervals (CI) were calculated 
or reported as risk ratios (RR) or odds ratios (OR) as appropriate, with p-values 
reported to assess statistical significance.  Data analysis was conducted using an online 
medical statistics tool. 
Quality appraisal  
Methodological quality and risk of bias was assessed for each included study using a 
modified version of the Downs and Black rating scale27 (see Appendix 4, Tables 24 and 
25). 
Qualitative systematic review  
A third, qualitative systematic review addressed the following question: 
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• What socio-material and contextual factors are associated with successful or 
unsuccessful Paediatric Early Warning Systems (with or without PTTTs)?42 
Study design 
We performed a hermeneutic systematic review of the relevant literature.  A 
hermeneutic systematic review is an iterative process, integrating analysis and 
interpretation of evidence with literature searching and is designed to develop a better 
understanding of the field.28  The popularity of the method is growing in health services 
research where it has value in generating insights from heterogeneous literatures that 
cannot be synthesised through standard review methodology and would otherwise 
produce inconclusive findings.20,29  The purpose of the review was not exhaustive 
aggregation of evidence, but to develop an understanding of the social, material and 
contextual factors associated with successful or unsuccessful paediatric early warning 
systems. 
Theoretical framework 
TMT and NPT informed our data extraction strategy, interpretation of the evidence, and 
the development of a propositional model of the minimal conceptual requirements of a 
paediatric early warning system.23,25,26,30 
Focus of the review 
The literature in this field identifies four integrated components which work together to 
provide a safety system for at risk patients: (1) the afferent component which detects 
deterioration and triggers a response;(2) the efferent component which consists of the 
people and resources providing a response; (3) a process improvement component, 
which includes system auditing and monitoring; and (4) an administrative component 
focusing on organisational leadership and education required to implement and sustain 
the system.31   Our focus was limited to the afferent components of the system.   
Stages of the review 
Stage 1: Scoping the literature 
Literature was identified through a recent scoping review,32 team member’s knowledge 
of the field, hand searches and snowball sampling techniques.  The purpose was to (1) 
inform our review question and eligibility criteria and (2) identify emerging themes and 
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issues.  Whilst we drew on several reviews of the literature we always consulted 
original papers.19,32,33  Data were extracted using Data Extraction Template 1 (see 
Appendix 5) and analysed to produce a provisional conceptual model of the core 
components of paediatric early warning systems.  Additional themes of relevance were 
identified: family involvement, situational awareness, structured handover, 
observations and monitoring and the impact of electronic systems and new 
technologies. 
Stage 2: Searching for the evidence 
We undertook systematic searches of the paediatric and adult early warning system 
literature (the goals and mechanisms of collective action in detecting and acting on 
deterioration are the same) (Searches 1 and 2).  For the adult literature we used the 
same search strategies but added a qualitative filter to limit the scope to studies most 
likely to yield the level of socio-material and contextual detail of value to the review.  
Literature informing additional areas of interest was located through a combination of 
systematic and hand searches.  Systematic searches (Searches 3 and 4) were 
undertaken in areas where we anticipated locating evidence of the effectiveness of 
specific interventions to strengthen early warning systems.  Theory driven searches 
reflected the conceptual requirements of the developing analysis. 
Systematic searches  
Four systematic searches were conducted across a range of databases from 1995 to 
September 2016 to identify relevant studies in English language papers reporting on:  
1. Paediatric early warning systems  
2. Adult early warning systems  
3. Interventions to improve situational awareness  
4. Structured communication tools for handover and handoff  
Detailed information on the search methodology can be found in Appendix 6. 
Theory driven searches 
Theory-driven searches were conducted in the following areas: 
1. Family involvement 
2. Observations and monitoring  
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3. The impact of electronic systems 
These were a combination of exploratory, computerised, snowball, and hand searches.  
As the analysis progressed, we continued to review new literature on early warning 
systems as this was published. 
Screening 
After removing duplicates 5,256 references were identified for screening.  Papers were 
screened by title to assess eligibility and then by full text to assess relevance for data 
extraction.  Searches 1 and 2 were screened by two researchers, searches 3 and 4 were 
screened by the lead reviewer.  Grey literature was excluded to keep the scale of the 
review manageable.  
Stage 3: Data extraction and appraisal 
Data Extraction Template 2 (see Appendix 7) was applied to all papers included in the 
review.  Evidential fragments and partial lines of inquiry formed the unit of analysis 
rather than whole papers.  Fragments were drawn from papers that were assessed for 
quality according to study type and the contribution made to the developing analysis.  
Data extraction and quality appraisal were undertaken concurrently and checked by a 
second reviewer.  Disagreements and areas of uncertainty were resolved by discussion. 
Intervention development 
Building on the findings of the qualitative systematic review, the intervention (the 
PUMA Programme) was developed iteratively and modified in the light of experience in 
use.  Chapter 4 describes the intervention and its development in detail. 
 
Workstream 2: Implementation and prospective evaluation of the 
PUMA Programme 
Overview 
The study deployed an Interrupted Time Series (ITS) design in conjunction with 
ethnographic case studies to evaluate changes in practice and outcomes over time.  
Ethnographic methods were also deployed to evaluate implementation processes. 
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The ITS analysis involved tracking aggregate monthly rates of mortality and morbidity 
outcomes for up to 18 months before implementation of the PUMA Programme, for 12 
months during implementation, and for a further 12 months during the post-
implementation period. 
Embedded ethnographic case studies enabled evaluation of each site’s paediatric early 
warning system prior to implementation of the PUMA Programme and the impact of the 
PUMA Programme on each hospital’s paediatric early warning system post 
implementation.  Ethnographic approaches were also deployed in a parallel process 
evaluation.  
Quantitative evaluation 
The quantitative evaluation of the PUMA Programme involved tracking monthly 
aggregate outcomes at each of the four hospitals over a period of up to 42 months (May 
2015 – October 2018).  The purpose was to evaluate the PUMA Programme’s effect on 
measures of in-patient deterioration over time.  This section gives details on the way in 
which data were collected from sites over the study, the outcome measures used to 
evaluate deterioration, and the way in which data were analysed. 
Data collection 
A customised online PUMA database was created for site staff to upload monthly data 
forms.  Staff were able to log in to the database via a password-protected home screen 
and were only ever able to access and submit forms for their own site.  Data were 
uploaded either by Principle Investigators (PIs) or research nurses, and all staff 
responsible for entering data at each site were trained in using the database prior to 
entering data.  Each monthly submission was quality assessed in real-time by a member 
of the PUMA team to allow timely resolution of any data queries or missing values. 
Outcome measures 
A provisional set of outcome measures was drawn up based on preliminary findings 
from Systematic Review 1 and 2.  As part of the systematic reviews, an evaluation was 
conducted of the most commonly used outcome metrics reported in the literature for 
assessment of the validity and effectiveness of PTTTs and paediatric early warning 
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systems.  The feasibility of collecting these outcomes at each site was explored through 
preliminary piloting work, prior to commencement of data collection in August 2015. 
Appendix 8, Table 26 shows the final outcomes that were selected as the most suitable 
proxies for in-patient deterioration, and the definition of each outcome that was agreed 
with the four sites.  It is important to note, that these can not be used, in any way, to 
infer the processes leading to that outcome e.g. it is impossible to determine if the 
deaths were the result of missed deterioration or an unavoidable consequence of a 
disease process. 
Primary outcome measure 
For the primary outcome, we chose a composite outcome metric (‘adverse events’), 
representing the aggregate number of children in a given month that experienced at 
least one of these events: 
• Mortality 
• Cardiac arrest 
• Respiratory arrest 
• Unplanned admission to PICU 
• Unplanned admission to HDU 
Children who experienced more than one of these adverse events were only counted 
once, to avoid double counting.  The primary outcome was expressed per 1,000 patient 
bed-days, using the aggregate number of events, and the denominator (total number of 
patient-days) for each month. 
Secondary outcome measures 
Secondary outcome measures were the aggregate number of children experiencing the 
following adverse events each month, with each event recorded individually as a 
separate outcome: 
• Mortality 
• Cardiac arrest 
• Respiratory arrest 
• Unplanned admission to PICU 
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• Unplanned admission to HDU 
• Other medical emergencies requiring immediate assistance 
• Reviews by PICU staff 
Secondary outcome measures were also expressed as a rate per 1,000 patient bed-days. 
Timing of outcome assessments 
Primary and secondary outcomes, and the patient bed-day denominator were entered 
by site staff to the PUMA database on a monthly basis at each the four sites. Table 3 
summarises the various data points for each of the hospitals, for the pre-
implementation, implementation and post-implementation stage. 
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Table 3: Timing of quantitative outcome measures 
 
2015 2016 2017 2018 
M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O 
PRIMARY (composite) X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 
Mortality X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 
Cardiac arrest X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 
Respiratory arrest X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 
Unplanned PICU 
admission 
X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 
Unplanned HDU 
admission 
X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 
Other medical 
emergency 
X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 
PICU review X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 
Non-ICU patient bed 
days 
X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 
 Pre-implementation (18 months) Implementation (12 months) Post-implementation (12 months) 
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Sample size calculation  
We used a simulation-based approach to calculate power as it was challenging to 
calculate an accurate sample size.34,35  Our initial calculation was based on the original 
aim of the study to implement a PTTT in each site. 
We obtained historical data for one tertiary centre (Alder Hey) and one DGH (Morriston 
Hospital).  This data showed a 1% prevalence (i.e. 10 events per 1,000 patients) for 
unplanned transfers to PICU.  Tibballs has previously shown that the implementation of 
paediatric calling criteria with a rapid response team resulted in a risk ratio of 0.65 in 
terms of total avoidable hospital mortality.  We assumed that the PUMA intervention 
might result in a similar risk ratio of 0.65.36  The monthly-recorded data for unplanned 
admission in both hospitals was used to estimate monthly death rate pre-and post-
intervention.  From obtained data, the estimated effect size, mean difference and 
common standard deviation were 2.8, 2.0 and 0.7 respectively.  We estimated we would 
have 90% power with a total of 24-month observations (12 pre- and 12 post) for an 
effect size of at least 2.35 
The initial aims of the study were changed from the implementation of PTTT to a 
complex intervention: the PUMA Programme.  We retained the focus on collecting 12 
months pre- and 12 months post intervention, but allowed 12 months for phase in of 
the intervention to give a total of 36 months.  During the lifetime of the project we were 
able to collect up to 6 additional months of data retrospectively for the pre-intervention 
period.  This gave us 42 months of data and increased our sample size. 
Data analysis 
An ITS analysis was used to assess the effectiveness of the PUMA Programme at 
reducing rates of in-patient deterioration over time.  An ITS approach allows 
exploration of the longitudinal effect of the intervention through regression modelling.  
This approach controls for pre-intervention trends and assesses the extent to which an 
intervention ‘interrupted ’the trajectory of this trend.37  Please see Appendix 9, Figure 27 
for further details about an ITS approach. 
The most common approach to ITS analysis is to compare trends across two separate 
time periods – a pre- and a post-intervention phase.  Typically, the intervention being 
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studied is relatively clear-cut - a change in national policy, for example - which would be 
expected to have an immediate effect (i.e. level change) on the outcome being studied.  
In this study, however, we expected that the complete implementation of the PUMA 
Programme was likely to take longer, but that we might be able to observe gradual 
changes in measures of in-patient deterioration.  Therefore, we decided to investigate 
both the short-term effect of the PUMA Programme (by comparing pre-intervention 
levels in outcomes to implementation and post-intervention period levels in outcomes) 
and the longer-term effect (by exploring trends in outcomes during the implementation 
and after the intervention, in the post-intervention period - when teams would have had 
some time to embed local initiatives).  Data from each hospital were analysed 
separately as independent case studies. 
Primary analysis 
There are different approaches to conducting ITS.37  We elected to fit a segmented linear 
regression on data from each hospital using an Autoregressive Integrated Moving 
Average (ARIMA) method to analyse the primary and secondary outcomes.37,38   The 
residual plot corresponding to each model was investigated to check the assumptions of 
linear regression.  The Durbin-Watson statistic, together with autocorrelation and 
partial autocorrelation function were used to identify the order of autocorrelation and 
moving average. 
To model the trajectory for all pre-implementation, implementation and post-
implementation periods, two intervention start points were considered: 
• November 2016, the start of the implementation period (when sites began their 
improvement initiatives) 
• November 2017, the start of the post-implementation period 
Prior to observing the data, we decided to use one of the most commonly used impact 
models that allow immediate (level) and trend (slope) change after introducing or 
completing the implementation.39  Any statistically significant change in either level or 
trend would imply that the intervention, i.e. the PUMA Programme, had had an effect on 
outcomes. 
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For some secondary outcomes, we observed several zero monthly counts, particularly 
for the DGH sites.40  For these cases, it was neither easy to transform the time series into 
a stationary series nor to detect a trend.  Depending on the number of zero count 
months, we adopted different mitigating strategies.  If there were not many zero count 
months (e.g. maximum two per time period), an indicator variable was added into the 
model to account for its effect.  Alternatively, if there were more zero counts per time 
period, we combined data into two-monthly blocks and where possible the trajectory 
was modelled.  Otherwise, where there were still too many zero count months and we 
were unable to fit a model, only trajectory of the outcome was plotted. 
Exploratory and sensitivity analyses 
In addition to the main analysis of the primary outcome (conducted using three time 
periods), we also conducted two sets of additional exploratory analyses to explore the 
data using different conceptual approaches to designate pre- and post-intervention time 
periods for analysing changes in trends. 
In the first analysis, we simply excluded data collected during the twelve months 
‘implementation period ’(November 2016-October 2017), to create a binary pre- and 
post-intervention comparison of slopes.  Secondly, we explored the pattern of changes 
in level and slope from the start of implementation phase until the end, given the 
potential for the different local initiatives to exert their effects over different time 
periods in different sites.  
Finally, we conducted a sensitivity analysis of the primary outcome for each site, fitting 
a segmented Poisson regression model to the data.  See Appendix 10, Tables 27-34 and 
Figures 28-30 for details. 
Qualitative evaluation - ethnographic case studies 
Overview 
Embedded ethnographic case studies were undertaken on one ward in each of the four 
hospitals.  Qualitative methods (observation, interviews and documentary analysis) 
were deployed to undertake a pre- and post-implementation review of the local 
paediatric early warning system in everyday clinical practice. 
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The aim of the pre-implementation stage was to understand current practice at 
baseline, evaluating the paediatric early warning system in practice and observing how 
the system was shaped by local context.  The aim of the post-implementation stage was 
to evaluate any changes to the paediatric early warning system after implementation of 
the PUMA Programme, in order to understand the impact of the intervention. 
Case study wards 
In contrast to the quantitative analysis, which summarised aggregate outcome 
measures at a hospital-wide level, the ethnographic case studies were conducted on a 
single ward.  Table 4 summarises the wards selected at each site. 
 
Table 4: Summary of wards selected at each site 
Site Number of paediatric 
in-patient wards 
Case study ward selected 
Alder Hey Children’s Hospital  10 Cardiac surgical ward 
Arrowe Park Hospital 1 General paediatric ward 
Noah’s Ark Children’s Hospital  8 General medical ward 
Morriston Hospital  2 General medical ward 
 
Data collection 
Table 5 shows the qualitative data collected at each case study site.  In both the pre- and 
post-implementation phase, data were generated through: 
• Ethnographic observation of everyday practice (by shadowing individuals – 
nurses, doctors, support staff and discussing their practice, and attending key 
meetings and events) 
• Interviews with clinical team members, service managers, PIs and family 
members or carers 
• Analysis of relevant documents and artefacts. 
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Table 5: Qualitative data collection for each case study 
Site Pre-implementation data collection 
(from March 2015 to October 2016) 
Post-implementation data collection 
(from November 2017 to October 
2018) 
Alder Hey • 54 hours of observation 
• 8 x staff interviews 
• 13 x family /carer interviews 
• 58 hours of observation 
• 13 x staff interviews 
• 7 x family /carer interviews 
Arrowe 
Park 
• 44 hours of observation 
• 13 x staff interviews 
• 10 x family /carer interviews 
• 53 hours of observation 
• 19 x staff interviews 
• 9 x family /carer interviews 
Noah’s Ark • 78 hours of observation 
• 15 x staff interviews 
• 8 x family /carer interviews 
• 51 hours of observation 
• 11 x staff interviews 
• 10 x family /carer interviews 
Morriston • 70 hours of observation 
• 17 x staff interviews 
• 7 x family /carer interviews 
• 38 hours of observation 
• 23 x staff interviews 
• 10 x family /carer interviews 
 
Observations were conducted at different times of day/night and on different days of 
the week, including weekends, to ensure a range of time periods were covered.  Our 
concern was with understanding the network of actors: people, processes, technologies 
and artefacts, and their interrelationships in each paediatric early warning system.  
Drawing on our theoretical framework and the systematic review findings, we 
developed a template to guide our observations and interviews (see Figure 1 and 
Supplementary Material 2: Interview Template).  Data generation was not absolutely 
constrained by this however; rather in each case the strategy was to ‘follow the actors’ 
(human and non-human).  This ensured that there was a consistent approach across 
case studies to facilitate comparative analyses, but flexibility to modify data generation 
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in response to the singular features of each site.  We focused on what participants did, 
the tools they used, and the concepts they deployed and the factors that facilitated and 
constrained action.  Adopting a TMT lens directed attention to the socio-material 
relationships within each paediatric early warning system and how the local 
institutional context conditioned the possibilities for action.23,24 
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Figure 1: Observations template 
 
Date & ward of observation  
Purpose of visit; who was shadowed etc 
 
Monitoring and recording of core vital signs 
Is there any guidance/structured framework for staff on observations and monitoring; good and 
safe/minimum frequency and duration of vital signs? 
Frequency of observations & monitoring; timely recording; appropriate frequency carried out; who 
determines this? 
How are vital signs recorded/stored/displayed? Is there a means to do this in real time? 
Are there any barriers in place to observations being taken? 
STAFF ROLES & RESPONSIBILITIES 
Who monitors/observers/records? What is the division of labour? 
Roles and responsibilities of staff for monitoring and recording vital signs 
Actions and skills required of staff 
Is information relating to monitoring referred to outside of observations; when is PEWS looked at and by 
whom? 
RESOURCES 
Availability of staff to carry out observations  
Are all necessary equipment/resources available to carry out observations? 
Chart design.  How many charts are in place? 
Other facilitators to assist monitoring & recording e.g. calculators? 
OBSERVATIONS RELATING TO PEWS 
Are they tracked against a named staff member e.g. signature? 
Manual calculation? 
 
Staff intuition & concern  
Informal observations that take place outside of ward round. 
What information is being used to identify deterioration? 
Professional judgement; sense making/gut feeling/past experience/pattern recognition – are these referred 
to? Who relies upon this? When are these brought to bear? 
Are junior staff supported/encouraged to seek advice from more experienced staff 
Knowledge – do staff understand the significance of observations & signs of deterioration? 
Are observations & monitoring/score used in conjunction with individual signs and trends? 
Is activation/communication of deterioration linked with knowledge/experience?  Professional judgement; 
sense making/gut feeling/past experience/pattern recognition – are these referred to? Who relies upon this? 
When are these brought to bear? 
OBSERVATIONS RELATING TO PEWS 
Does the score include staff concern as an overriding trigger? 
 
Situational awareness  
Where are observations & monitoring information recorded/stored/displayed? 
How are vital signs displayed? 
Where is the calling criteria/activation criteria displayed? 
Is SBAR or other communication tools in place?  How is this played out – explicitly discussed? Addressed in 
meetings/handovers?   
Observations of safety huddles; degree of structure; opportunity to raise concerns etc. 
Observations of ward rounds; what is discussed? Are scores reviewed? 
Nurses station – activity around this. 
Wider strategies to ensure situational awareness in unit 
Public displays/ Other artefacts in use. 
Also- wider reflections upon wider reinforcement system including ward culture, staff engagement etc 
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In addition, we also undertook a series of semi-structured interviews with 
parents/carers to explore their views and experiences, and semi-structured interviews 
with a sample of clinical staff and relevant service managers. 
Ethnographic observations and embedded interviews were recorded 
contemporaneously as low inference-style field notes and expanded on as soon as 
practical after the data were collected.  Staff interviews were digitally recorded with 
consent and organised to take place either in private offices or by telephone.  Interviews 
with an opportunistic sample of parents who had a physiologically unstable child were 
undertaken when the child was still an in-patient, but at a time when their condition 
was considered by clinical staff to be stable.  For the purposes of this study we did not 
include parents whose child had died but interviewed parents whose child had (a) been 
monitored only (b) received intervention to prevent deterioration or (c) had 
experienced a critical event.  Documents/records were treated as both a resource and a 
topic.  Their content was analysed to inform our understanding of organisational 
processes and practices.  Their form was analysed in order to develop a better 
understanding of their design, affordances and inter-relationships. 
We replicated this ethnographic process (both non-participant observations and 
interviews) in the post-implementation period, modifying the interview style and 
content, as well as the primary focus of the observations, in order to explore in detail 
staff experiences of the PUMA Programme and changes to the system, factors 
consequential for impact, and any unintended consequences.  We also re-assessed the 
paediatric early warning system using a structured template based on the PUMA 
Standard as a guide to observation, in order to analyse changes in these relationships 
brought about by the improvement programme, and the implications this had for 
normalisation. 
Analysis 
At all stages, data collection and analysis were undertaken concurrently, facilitating a 
progressive narrowing of focus designed to develop an in-depth understanding of the 
paediatric early warning systems and the implications of the improvement programme 
for practice.  The various materials collected (field notes, interview transcripts, 
documents) were coded using a common framework and used to develop concrete 
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descriptions of relevant aspects of paediatric early warning systems, which were 
mapped on to the PUMA Standard.  Local PIs also contributed to this sense-making 
process.   
Analysis was undertaken in two main stages: 
Stage 1 involved developing a description and analysis of the pre- and post-
implementation paediatric early warning system in each hospital and the 
implementation process.  This entailed the development of richly descriptive accounts, 
extending to up to 25,000 words, which were then subject to further analysis, refined 
and condensed into summaries for the purposes of the report. 
Stage 2 involved cross-case analysis to understand the relationship between the 
intervention, context, mechanisms and outcomes in order to inform the extension and 
development of the PUMA Programme. 
Qualitative PUMA Programme process evaluation 
Overview 
The process evaluation focused on the implementation of the PUMA Programme in 
order to understand participant’s experiences but also identify where and how the 
Programme might be strengthened.  
Data 
Observations 
Observations, recorded as fieldnotes, were made of all facilitated sessions (set up, action 
planning) and monthly PUMA study meetings during which PIs provided progress 
updates on local implementation efforts at their site (some of which were also audio-
recorded). 
Interviews with PIs and staff 
Face-to-face digitally recorded interviews were conducted with PIs and clinical staff 
from each of the four sites at the end of the implementation phase in order and to gain 
understanding of participants ’experience of, and response to, different elements of the 
PUMA Programme.  
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Other data sources  
Written notes were made on phone-based facilitation discussions held between one of 
the PUMA study team members and site PIs. 
We also drew on documents shared by sites, including minutes of local improvement 
team meetings and policies or procedures created as a result of PUMA initiatives. 
Analysis 
Analysis was thematic, focusing on delivery and response to the core components of the 
PUMA Programme, communication of PUMA, understanding of PUMA, barriers to 
change and implementation, facilitators for change and implementation, sustainability.   
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Chapter 3: Evidence Reviews 
Introduction 
Two linked quantitative reviews were conducted to explore the evidence base for the 
validity and effectiveness of existing PTTTs and paediatric early warning systems 
(Reviews 1 and 2).  A third, qualitative review was conducted to explore the wider 
contextual factors associated with successful (or unsuccessful) paediatric early warning 
systems (Review 3). 
The results of the reviews are described separately, with the overall findings 
synthesised in the conclusions.  This chapter draws substantially on two published 
papers.41,42 
The quantitative reviews 
Two linked quantitative reviews were undertaken to address the following questions: 
Review 1: How well validated are existing PTTTs and their component parts for 
predicting in-patient deterioration? 
Review 2: How effective are paediatric early warning systems (with or without a 
tool) at reducing mortality and critical events? 
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Figure 2: PRISMA flow diagram for study screening and selection, Reviews 1 & 2 
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Study characteristics 
Figure 2 presents a summary of the study characteristics of the 36 validation (Question 
1) and 30 effectiveness (Question 2) papers included in the reviews.  Full details are 
provided in Appendix 11, Table 35.  
Types of Paediatric Track and Trigger Tools and components 
Across 66 studies, we identified 27 unique PTTTs.  Twenty PTTTs were based on one of 
four different tools: Monaghan’s Brighton PEW,43 the Bedside PEWS,18  the Bristol 
PEWT44 and the Melbourne Activation Criteria.36  Other PTTTs described in the 
literature included the National Health Service Institute for Innovation and 
Improvement (NHS III) PEWS the second most frequently used PTTT in United 
Kingdom paediatric settings,21 Rapid Response Team (RRT) and Medical Emergency 
Team (MET) activation criteria,46-49 and one prediction algorithm developed from a 
large dataset of electronic health data.50 
The range of physiological and behavioural parameters underpinning PTTTs is 
illustrated in Appendix 12, Table 36.  Common parameters included heart rate (present 
in 26 out of 27 PTTTs), respiratory rate (24), respiratory effort (24), and level of 
consciousness or behavioural state (24).  All PTTTs required at least six different 
parameters to be collected. 
Review 1:  How well validated are PTTTs and component parts for predicting in-patient 
deterioration? 
Nine validation papers meeting inclusion criteria were excluded from analysis: eight did 
not report any performance characteristics of the PTTT for predicting deterioration,51-58 
and one study calculated incorrect sensitivity/specificity outcomes (see Appendix 13, 
Table 37).44 
The remaining 27 validation studies, evaluating the performance of 18 unique PTTTs, 
are described in Appendix 14, Table 38.  Four studies evaluated multiple PTTTs,50, 59-61 
and one paper described three separate studies of the same PTTT.62 
Five cohort studies were included, three based on the same dataset.16,45,63–65  All other 
studies were either case-control or chart reviews.  Thirteen papers implemented the 
PTTT in practice,54,62,63,65-74 while the remaining studies ‘bench tested’ the PTTT, that is, 
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researchers retrospectively calculated the score based on data abstracted from medical 
charts and records.  All studies were conducted in specialist centres with only one 
multi-centre study reported.75 
Outcome measures 
PTTTs were evaluated for their ability to predict a wide range of clinical outcomes.  
Composite measures were used in eight studies,16,45,54,61,64,76–78 cardiac/respiratory 
arrest or a ‘code call’ was used (singularly or part of a composite outcome) in six 
studies,17,54,60,61,76,77 while 22 studies used transfer to PICU or Paediatric High-
Dependency Unit (PHDU) as the main outcome. 16,18,50,54,59-65,67,70,72–76,78-80 
Predictive ability of individual PTTT components 
Three validation papers reported on the performance characteristics of individual 
components of the tool for predicting adverse outcomes.18,64,72  Parshuram and 
colleagues, for instance, reported Area Under the Receiver Operating Characteristic 
(AUROC) curve values for individual PTTT items of a pilot version of the Bedside PEWS: 
ranging from 0.54 (bolus fluid) to 0.81 (heart rate), compared to 0.91 for the overall 
PTTT.18  All other studies reported outcomes for the PTTT as a whole. 
Paediatric early warning system (PEWS) score 
The predictive ability of the 16-item PEWS score was assessed by one internal 
AUROC=0.90)17 and two external case-control studies (AUROC range =0.82-0.88)60,61 
with a range of outcome measures and scoring thresholds.  One case-control study used 
an observed prevalence rate to calculate a positive predictive value (PPV) of 4.2% for 
the tool in predicting code calls (for every 1,000 patients triggering the PTTT, 42 would 
be expected to deteriorate).17 
Bedside PEWS and derivatives 
The Bedside PEWS was evaluated in one internal (AUROC=0.91)18 and five external 
case-control studies (AUROC range=0.73-0.90)50,60,61,75,78 for a range of different 
outcome measures and at different scoring thresholds.  One case-control study 
calculated a PPV of 2.1% for identifying children requiring urgent PICU transfer within 
24 hours of admission, based on locally observed prevalence rates.50  A modified 
version of the Bedside PEWS (with temperature added) demonstrated an AUROC of 
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0.86 in an external case-control study with a composite outcome of death, arrest or 
unplanned PICU transfer.61 
Brighton PEWS and derivatives 
Six different PTTTs based on the original Brighton PEWS were evaluated across 11 
studies,50,61,63,68,70–73,76,77,80  The Modified Brighton PEWS (a) was evaluated for its ability 
to predict PICU transfers in one large prospective cohort study (AUROC=0.92, 
PPV=5.8%),63 and an external case-control study tested the same score for predicting 
urgent PICU transfers within 24 hours of admission (AUROC=0.74, PPV= 2.1%).50 
An external case-control study used a composite measure of death, arrest or PICU 
transfer to evaluate the Modified Brighton PEWS (b) (AUROC=0.79) and the Modified 
Brighton PEWS (d) (AUROC=0.74).61  The latter tool was evaluated in a further internal 
case-control study for predicting PICU transfer (AUROC=0.82).79 
The Children’s Hospital Early Warning Score (CHEWS) had a reported AUROC of 0.90 
for predicting PICU transfers or arrests in a large internal case-control study.68  A 
modification for cardiac patients, the Cardiac CHEWS (C-CHEWS) was evaluated by one 
internal study on a cardiac unit (AUROC = 0.90)76 looking at arrests or unplanned PICU 
transfers, and two external studies of oncology/haematology units  for the same 
outcome (AUROC=0.95).72, 73  Finally, the Children’s Hospital Los Angeles (CHLA) PEWS 
was evaluated by in a small internal case-control study for prediction of re-admission to 
PICU after initial PICU discharge (AUROC=0.71).71 
Melbourne Activation Criteria (MAC) and derivatives 
The MAC was assessed by one external case-control study with an outcome of death, 
arrest or unplanned PICU transfer (AUROC=0.71)61 and a large external cohort study 
with an outcome of death or unplanned PICU or HDU transfer (AUROC=0.79, 
PPV=3.6%).64  A derivative of the MAC using an aggregate score, the Cardiff & Vale 
PEWS (C&VPEWS), was tested using the same cohort and outcome measures in an 
earlier external study (AUROC=0.86, PPV=5.9%)16 and was the best performing PTTT in 
an external case-control study evaluating multiple PTTTs (AUROC=0.89).61 
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Bristol PEWT 
The Bristol PEWT was evaluated by five external validation studies: two chart review 
studies (no AUROC),59, 66 one small cohort study of PICU transfers (AUROC=0.91, 
PPV=11%),65 and two case-control studies looking at code calls (AUROC=0.75) 60 and a 
composite of death, arrests and PICU transfers (AUROC=0.62). 61 
Other PTTTs 
The NHS Institute for Improvement and Innovation (NHS III) PEWS was tested by one 
external cohort study looking at a composite of death or unplanned transfers to PICU or 
HDU (AUROC=0.88, PPV=4.3%)45 and one external case-control study looking at a 
composite of death, arrests and PICU transfers (AUROC=0.82). 61  Zhai and colleagues 
developed and retrospectively evaluated a logistic regression algorithm in an internal 
case-control study looking at urgent PICU transfers in the first 24 hours of admission 
(AUROC =0.91, PPV=4.8%).50 
Across PTTTs, studies reporting performance characteristics of a tool at a range of 
different scoring thresholds demonstrate the expected interaction and trade-off 
between sensitivity and specificity – at lower triggering thresholds, sensitivity is high 
but specificity is low; at higher thresholds, the opposite is true. 
Inter-rater reliability and completeness of data 
Accurate assessment of the ability of a PTTT to predict clinical deterioration is 
contingent on accuracy and reliability of tool scoring (whether by bedside nurses in 
practice or by researchers abstracting data) and the availability of underpinning 
observations.  Only five papers made reference to accuracy or reliability of 
scoring,60,63,72,76,77 with mixed results: for example, two nurses separately scoring a sub-
set of patients on the Modified Brighton PEWS (a) achieved an intra-class coefficient of 
0.92,63  but a study nurse and bedside nurse achieved only 67% agreement in scoring 
the C-CHEWS tool.76  Completeness of data was reported in 11 
studies.16,17,18,45,50,61,62,64,72,75,77   An evaluation of the Modified Bedside PEWS (a) 
reported that ‘the PEWS was correctly performed and could be used for inclusion in the 
study ’in 59% of cases,62 a prospective study bench-testing the C&VPEWS found an 
average completeness rate of 44% for the seven different parameters in daily practice,16 
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while a multi-centre study of the Bedside PEWS reported that ‘only 5.1% [of 
observation sets] had measurements on all 7 items.75 
 
Box 1: Summary of findings, Review 1 
Given a growing understanding and emphasis on the importance of local context in 
healthcare interventions, it is perhaps not surprising that such a wide range of PTTTs 
have been developed and evaluated internationally, and modifications to existing PTTTs 
are common.  The result, however, is that although numerous versions of PTTTs have 
been narrowly validated, none have been broadly validated across a variety of different 
settings and populations.  With only one exception,75 all studies evaluating the validity 
of PTTTs have been single-centre reports from specialist units, greatly limiting the 
generalisability of the findings. 
PTTTs such as the Bedside PEWS, C&VPEWS, NHS III PEWS and C-CHEWS have 
demonstrated very good (AUROC ≥0.80) or excellent (AUROC ≥ 0.90) diagnostic 
accuracy, typically for predicting PICU transfers, in internal and external validation 
studies.16,18,45,50,61,72,75,76  However, common methodological issues mean these results 
need to be interpreted with caution. 
Firstly, each of the studies was conducted in a clinical setting where paediatric in-
patients are subject to various forms of routine clinical intervention throughout their 
admission.  There are numerous statistical modelling techniques that can account for 
co-occurrence of clinical interventions and the longitudinal nature of the predictors 81, 
82, but none of these were used in the validation studies and so estimates of predictive 
ability are likely to be distorted.  Indeed, most outcomes used in the validation studies 
are clinical interventions themselves (e.g., PICU transfer).  Secondly, while it 
understandable that most studies ‘bench-tested’ the PTTT rather than implemented it 
into practice before evaluation, the process of abstracting PTTT scores retrospectively 
from patient charts and medical records introduces potential bias or inaccuracy.  For 
instance, several studies reported either high levels of missing data (i.e., some of the 
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observations required to populate the PTTT score being evaluated were not routinely 
collected or recorded and so were scored as ‘normal’),16,18,50,75,77 or difficulty in 
abstracting certain descriptive or subjective PTTT components.50,60,73,79  Assuming 
missing values are normal, or excluding some PTTT items for analysis, are both likely to 
result in underscoring of the PTTT and skew the results.  Finally, studies which 
evaluated a PTTT that had been implemented in practice are at risk of overestimating 
the ability of PTTT to predict proxy outcomes such as PICU transfer, inasmuch as high 
PTTT scores or triggers automatically direct staff towards escalation of care, or clinical 
actions which make escalation of care more likely.  
The findings reported in several PTTT studies point towards two potential challenges 
for some centres in implementing and sustaining a PTTT in clinical practice.  As noted 
above, several studies that retrospectively ‘bench-tested’ a PTTT reported that the 
observations that were required to score the tool were not always routinely collected or 
recorded in their centre.  It may be that the introduction of a PTTT into practice would 
help create a framework to ensure that core vital signs and observations were collected 
more routinely (as demonstrated by Parshuram and colleagues)83 but this would 
obviously have resource implications that could be a potential barrier for some centres.  
Such considerations are important, as evidence from the adult literature points to the 
potential for tools to inadvertently mask deterioration when core observations are 
missing.84 
Secondly, PPV values reported in cohort studies, and case-control studies that adjusted 
for outcome prevalence, were uniformly low (between 2.3%-5.9%).16,17,45,50,63,64  They 
demonstrate that even PTTTs that demonstrate good predictive performance are likely 
to generate a large amount of ‘false alarms’ because adverse outcomes are so rare.  For 
some centres, these issues may be mitigated to some extent by dedicated response 
teams or other available resources, but other hospitals may not be able to sustain the 
increased workload of responding to PTTT triggers. 
Key messages: 
• A wide range of PTTTs has been studied in the literature, although the majority 
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Review 2: How effective are early warning systems at reducing mortality and critical 
events in hospitalised children? 
Eleven papers meeting inclusion criteria were excluded from analysis for providing 
insufficient statistical information (e.g., denominator data, absolute numbers of events) 
to calculate effect sizes.70,85–93,225  Further details on papers excluded from analysis are 
provided in Appendix 15, Table 39.  Findings from the 19 studies included in the analysis 
are summarised in Appendix 16, Table 40.  
Type of early warning system interventions 
Seventeen interventions involved the introduction of a new PTTT,36,46-49,83,94-105 one 
intervention introduced a mandatory triggering element to an existing PTTT,104 and one 
study reported a large, multi-centre analysis of MET introduction with no details on 
PTTT use.106  Twelve interventions included the introduction of a new MET or RRT,36,46-
49,83,94-98,102 while four further interventions introduced a new PTTT in a hospital with 
an existing MET or RRT.  Only three studies therefore evaluated a PTTT in the absence 
of a dedicated response team.100,101,103  A staff education programme was explicitly 
described in ten interventions.36,46,48,83,95,96,100,101,103,105  
Of the 18 studies that used a PTTT, only seven used a tool that had been formally 
evaluated for validity: three used the Bedside PEWS,83,98,103 two used the MAC,36,96 one 
used the Modified Brighton PEWS (b).105 and one used the C-CHEWS.100   One study did 
not report the PTTT used,95 while ten studies used a variety of calling criteria and local 
are closely derived from a smaller handful of tools. 
• Many of these have demonstrated good predictive value for proxy measures of 
deterioration – transfers to higher level of care being the most used metric. 
• However, cohort studies suggest very high ‘false alarm’ rates are likely when 
tools are used in clinical practice. 
• No one PTTT has been broadly validated across different settings – the majority 
of research studies have been conducted in North America in specialist settings; 
generalisability of findings is therefore limited.  
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modifications to validated tools that had not been evaluated for validity.46–
49,94,97,99,101,102,104 
Mortality (ward or hospital wide) 
Two uncontrolled before-after studies (both with MET/RRT) reported significant 
mortality rate reductions post intervention: one in hospital wide deaths per 100 
discharges (RR=0.82, 95% CI=0.70-0.95)48 and one in total hospital deaths per 1,000 
admissions (RR=0.65, 0.57-0.75) and deaths on the ward (‘unexpected deaths’) per 
1,000 admissions (RR=0.35, 0.13-0.92).96  Seven studies found no reductions in 
mortality, including two high quality multi-centre studies.36,46,83,94,97,98,106  Parshuram 
and colleagues conducted a cluster randomised trial and found no difference in all-
cause hospital mortality rates between 10 hospitals randomly selected to receive an 
intervention centred around use of the Bedside PEWS and 11 usual care hospitals, one-
year post intervention (OR=1.01, 0.61-1.69).83  Kutty et al. assessed the impact of MET 
implementation in 38 US paediatric hospitals with an interrupted time series study and 
reported no difference in the slope of hospital mortality rates five years post 
intervention and the expected slope based on pre-implementation trends (OR = 0.94, 
0.93-0.95).106  
PICU mortality 
Two uncontrolled before-after studies (both with MET/RRT) reported a significant 
post-intervention reduction in rates of PICU mortality among ward transfers (RR=0.31, 
0.13-0.72),49 and PICU mortality rates among patients readmitted within 48 hours 
(RR=0.43, 0.17-0.99).97  Six studies (including a high quality cluster randomised trial 
and interrupted time series study) reported no post-intervention change in PICU 
mortality using a variety of metrics.83,98–102  
Cardiac and respiratory arrests 
Two uncontrolled before-after studies (both with RRT/MET) reported significant post-
intervention rate reductions in sub-categories of cardiac arrests: one in ‘near 
cardiopulmonary arrests’ (RR=0.54, 0.52-0.57)97 but not ‘actual cardiopulmonary 
arrests ’and one in ‘preventable cardiac arrests’ (RR=0.45, 0.20-0.97)96 but not 
‘unexpected cardiac arrests’.  One uncontrolled before-after study (with RRT/MET) 
reported a significant post intervention reduction in rates of ward respiratory arrests 
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per 1,000 patient-days (RR=0.27, 0.07-0.95).47  Seven studies (including one high quality 
cluster randomised trial and one high quality interrupted time series study) found no 
change in cardiac arrest rates using a variety of metrics,36,46,47,83,95,98 or cardiac and 
respiratory arrests combined.94  
Calls for urgent review/assistance 
Two uncontrolled before-after studies (all with RRT/MET) reported significant post-
intervention reductions in rates of code calls (RR=0.29, 0.10-0.65; RR=0.71, 0.61-0.83), 
48,97 while three studies found no change in rates of code calls.46,49,105  One uncontrolled 
before-after study in a community hospital (without RRT/MET) found significant post 
intervention reductions in rates of urgent calls to the in-house paediatrician (RR=0.23, 
0.11-0.46) and respiratory therapist (RR=0.36, 0.13-0.95).103  Two uncontrolled before-
after studies (with RRT/MET) found increases in rates of RRT calls (RR=1.59, 1.33-1.90) 
105 and outreach team calls (RR=1.92, 1.79-2.07).99  One study found no change in rates 
of RRT calls.104 
PICU transfers 
One uncontrolled before-after study (without RRT/MET) found a significant post-
intervention decrease in the rate of unplanned PICU transfers per 1,000 patient-days 
RR=0.70, 0.56-0.88).100  Four studies (including one high quality cluster randomised 
trial and one high quality interrupted time series study) found no change in rates of 
PICU admissions post intervention.83,98,99,103 
PICU outcomes 
Two studies, one interrupted time series and one multi-centre cluster randomised trial 
(both with RRT/MET), found significant reductions in rates of ‘critical deterioration 
events ’(life-sustaining interventions administered within 12 hours of PICU admission) 
relative to pre-implementation trends and relative to control hospitals respectively 
(IRR=0.38, 0.20-0.75; OR=0.77, 0.61-0.97).83,98  One controlled before-after study 
(without RRT/MET) reported a significant reduction in rates of invasive ventilation 
given to emergency PICU admissions post intervention (RR=0.83, 0.72-0.97) with no 
significant change observed in a control group of patients admitted to PICU from 
outside of the hospital.101  One uncontrolled before-after study reported a significant 
post-intervention decrease in rates of PICU admissions receiving mechanical ventilation 
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(RR=0.85, 0.73-0.99) but an increase in rates of early intubation (RR=1.87, 1.33-
2.62).102 
Implementation outcomes 
Only three studies reported outcomes relating to the quality of implementation of the 
intervention.  One study reported 99% of audited observation sets of the Bedside PEWS 
had at least five vital signs present post-intervention, up from 76% pre-intervention (no 
change in control hospitals).83  A previous study of the same PTTT reported 3% of 
audited cases had used the incorrect age chart but reported an intra-class coefficient of 
0.90 for agreement between bedside nurses scoring the PTTT in practice and research 
nurses retrospectively assigned scores.103  Finally, error rates in C-CHEWS scoring were 
reported to have reduced from an initial 47% to below 10% by the end of the study.100  
Box 2: Summary of findings, Review 2 
We found limited evidence for early warning system interventions reducing mortality 
or arrest rates in hospitalised children.  While some effectiveness papers did report 
significant reductions in rates of mortality (on the ward or in PICU) or cardiac arrests 
after implementation of different early warning system interventions,47–49,96,97 they 
were all uncontrolled before-after studies which have inherent limitations in terms of 
establishing causality.  They do not preclude the possibility that outcome rates would 
have improved over time regardless of the intervention,107 or changes were caused by 
other factors, and their inclusion is accordingly discouraged by some Cochrane review 
groups.108  Three high quality multi-centre studies - two interrupted time series studies 
and a recent cluster randomised trial – found no changes in rates or trends of mortality 
or arrests post intervention.83,98,106 
There was also limited evidence for early warning systems reducing PICU transfers or 
calls for urgent review.  Again, a small number of uncontrolled before-after studies 
reported significant reductions post-intervention,46,48,97 but several other studies 
reported significant increases in transfers or calls for review,96,105 or no post-
intervention changes.  We did find moderate evidence across four studies – including a 
controlled before-after study, a multi-centre interrupted time series study and a multi-
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centre cluster randomised trial - for early warning system interventions reducing rates 
of early critical interventions in children transferred to PICU.83,98,101,102  Such results are 
promising, but corresponding reductions in hospital or PICU mortality rates have not 
yet been reported. 
Implementing complex interventions in a healthcare setting is challenging and evidence 
from the adult literature points to challenges and barriers to successfully implementing 
TTTs in practice.109-111  However, given so few effectiveness studies reported on 
implementation outcomes, it is difficult to know whether negative findings reflect poor 
effectiveness or poor implementation of early warning systems.  Again, effectiveness 
studies were predominantly carried out in specialist centres – and in all but three 
cases,100,101,103 involved the use of a dedicated response team – which greatly limits the 
generalisability of findings outside of these contexts. 
Key messages: 
• Only a handful of studies have reported significant changes in mortality or 
arrests in hospitalised children as a result of implementing a paediatric early 
warning system intervention – however they have typically been uncontrolled 
before-and-after studies that limit confidence in their findings. 
• Three high quality multi-centre studies have failed to find any significant 
reduction in mortality or arrests after paediatric early warning system 
interventions. 
• There is moderate evidence that paediatric early warning systems may reduce 
rates of unplanned transfers to a higher level of care, but corresponding 
reductions rates of hospital wide or PICU mortality have not been reported. 
• Paediatric early warning system interventions are typically multi-faceted (often 
including use of dedicated response teams) and most studies have been 
conducted in specialist centres, limiting generalisability of the results. 
• There is very little evidence on how well implemented interventions are in 
clinical practice, and their corresponding effects on wider system functioning.  
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The qualitative review 
Review 3: What socio-material and contextual factors are associated with successful or 
unsuccessful Paediatric Early Warning Systems (with or without TTTs)? 
 
A parallel hermeneutic qualitative review was undertaken to address this question.  Our 
focus was limited to the afferent components of the system (see Chapter 2). 
Search results 
Eighty-two papers were included in the review (see Figure 3).  Forty-six papers focused 
on TTT implementation and use in paediatric and adult contexts (twenty-four from the 
paediatric search and the remaining twenty-two from the adult-focused search); the 
remaining thirty-six papers contributed supplementary data on factors related to the 
wider early warning system.  No studies were located that adopted a whole systems 
approach to detecting and responding to deterioration.  See Appendix 17, Table 41 for a 
detailed breakdown of the search process. 
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Figure 3: PRISMA flow diagram for study screening and selection, Review 3 
 
 
TMT was used to analyse the evidence to identify the socio-material and contextual 
factors associated with successful and unsuccessful paediatric early warning systems.  
In TMT the primary unit of analysis is the ‘project’, which defines the social and material 
actors (people, materials, technologies) and their relationships involved in achieving a 
goal.  The goals of the afferent paediatric warning system are first, that the child is 
identified as at risk and a vital signs monitoring regime instigated; second, that evidence 
of deterioration is identified through monitoring and categorised as such and; third, 
that timely and appropriate action is initiated in response to deterioration. 
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Our analysis of the literature suggests that three sub-systems within the afferent 
component of early warning systems support:  
• the detection of signs of deterioration; 
• the planning needed to ensure teams are ready to act when deterioration is 
detected; 
• the initiation of timely action.  
Detection 
The goal of the ‘Detection ’sub-system is to recognise early signs of deterioration, so the 
child becomes the focus of further clinical attention (see Appendix 18, Table 42: 
Summary of Detection Evidence).  This requires first, that the child is identified as at risk 
and a vital sign monitoring regime instigated and second, that the child is identified as 
showing signs of deterioration. 
While the evidence on TTT effectiveness in predicting adverse outcomes in hospitalised 
children is weak,41 the literature does suggest that TTTs have value in supporting 
process mechanisms in the detection sub-system.  Vital signs monitoring is undertaken 
on all hospital in-patients and, like other high-volume routine activity, is often delegated 
to junior staff,43,112-130 who may not have the necessary skills to interpret results. 
114,115,129  TTTs have value in mitigating these risks: by specifying physiological 
thresholds that indicate deterioration, they take knowledge to the bedside and act as 
prompts to action,112,131which can lead to a more systematic approach to monitoring 
and improved detection of deterioration.111,132 
TTT’s effectiveness in fulfilling these functions depends on certain preconditions.  The 
review highlighted that TTT use was impacted by the availability of appropriate and 
functioning equipment,110,115,120,121,126,131,133-136 (in)adequate staffing and night-time 
pressures,110,111,115,119,121,122,129,133,134,137-142 and an appropriately skilled 
workforce.43,88,119,128,134,139,140,143-146  On this latter point, while several papers report on 
education packages to improve the detection of deterioration, the evidence is not robust 
enough to recommend specific programs.43,86,88,116–118,122,127,147,148  There is also 
evidence that nursing staff prioritise sleep over waking a patient to take vital signs.136, 
149  
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TTTs are also used differently depending on the experience of the user.  For juniors, 
they provide a methodology and structure for monitoring clinical instability and 
identifying deterioration, whereas more experienced staff reportedly use TTTs as 
confirmatory technologies.43,112-124  The importance of professional intuition in 
detecting deterioration is extensively reported across the literature,111-115,119,121,123, 
124,128–131,133-136,138,140-143,148,150–156 and several authors recommend the inclusion of ‘staff 
concern’ in tool criteria.119,138,141,146  This is important; TTTs may be of less value in 
patients with long-term conditions because of altered normal physiology or where 
subtle changes are difficult to detect.152  It is also the case that TTTs are implemented in 
contexts governed by competing organisational logics which impact on their value and 
use.86,134,144  For example, Iddrisu et al. show TTTs have limited value immediately after 
surgery because acceptable vital signs parameters are different in the immediate post-
operative period.146 
There is growing interest in the literature on strategies that facilitate patient and 
relative involvement in the early detection of deterioration.157, 158  Healthcare 
professionals depend on families to explain their child’s normal physiological baseline 
and identify subtle changes in their child’s condition, but this information is not always 
systematically obtained.159, 160  Some authors propose family involvement in 
interdisciplinary rounds,161 but this requires parents to have detailed information about 
the signs and symptoms they should be attending to,160 and as yet there is little 
evidence on effective strategies for how they might be involved in the detection of 
deterioration.161 
While much of the literature reports on intermittent manual vital signs monitoring and 
paper-based recording systems, across the developed world there is a growing use of 
electronic technologies which have important implications for the wider detection sub-
system.162  We considered several evaluations of new technologies, which indicated that 
electronic vital signs recording is associated with some positive outcomes, particularly 
timeliness and accuracy, when compared with paper-based systems.163,164   They can 
provide prompts or alerts for monitoring,165-167 which facilitates better recognition of 
deterioration and is associated with a reduction in mortality.166,168  These studies tend 
to evaluate new technologies in isolation, however, and do not engage with the 
 82 
 
literature highlighting alarm fatigue, a factor known to mitigate effectiveness over time, 
or documented concerns about over burdening staff with alerts.169-171  Moreover, the 
successful implementation of new technologies is conditioned by the local context.  For 
instance, where manual input into an electronic device is required, access to computers 
is an essential precondition.  When computers were not available staff ‘batch ’the 
collection of vital signs before data entry, thereby delaying the timely detection of 
deterioration.120,135,172  In one study where the electronic system was found to be 
cumbersome and separated the collection and entry of data from the review of vital 
signs, verbal reports were favoured to ensure timely communication of information. 173 
Planning 
Detecting and responding to deterioration involves the coordination of action in 
conditions of uncertainty and competing priorities.  The goal of the ‘Planning ’sub-
system is to ensure the clinical team are ready to act in the event of evidence of 
deterioration and is reflected in the growing interest in the literature on structures to 
facilitate team situational awareness, group decisions and preparation (see Appendix 19, 
Table 43: Summary of Planning Evidence).150 
TTTs have been found to support situational awareness.  Their use enabled clinicians to 
have a ‘birds-eye ’view of children at risk over all admitted patients on a ward as well as 
encouraging staff to consider the projected acuity levels of the ward.174  A number of 
studies also report on ‘huddles ’in facilitating situational awareness.124,153,175,176   A 
huddle is a multidisciplinary event scheduled at pre-determined times where members 
discuss specific risk factors around deterioration and develop mitigation plans.  One 
study combined the introduction of huddles with a ‘watchstander’, a role fulfilled by a 
charge nurse or senior resident, whose primary function is to know patients at high risk 
for deterioration.176  These initiatives were associated with a near fifty per cent 
reduction in transfers from acute to intensive care determined to be unrecognized 
situation awareness events.  A further strategy identified by Goldenhar et al. describes 
the use of the ‘watcher ’category to designate a patient as at risk where staff have a ‘gut 
feeling ’deterioration is likely.175  A recent study used the category of ‘watcher ’to create 
a bundle of expectations to standardise communication and contingency planning.  Once 
a patient was labelled ‘a watcher ’five specific tasks, such as documentation of physician 
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awareness of watcher status and notification of the family of the patient’s changed 
status, had to be completed within two hours.177 
Handovers are integral to clinical communication and contribute to situational 
awareness.  The extensive literature on handover indicates that information sharing can 
be of variable quality,137,144,178 and there is growing evidence that structured 
approaches improve this.122,137,144,151,175,178–182  Ranging from a checklist system,197,181 to 
a cognitive aid developed through consensus, 116,182 most of the published interventions 
are variations of the SBAR (Situation, Background, Assessment, and Recommendation) 
tool.144,178-180  While effective handover depends on communicative forms that extend 
beyond the information transfer that is typically the focus of structured handover 
tools,178  in the context of early warning systems a lack of standardisation allows greater 
margin for individualistic practices and difficulty in accessing complementary 
knowledge and establishing shared understandings.137 
There is also a literature on the use of common information spaces – such as white 
boards – in facilitating situational awareness in the healthcare team.86,88,116,125,137,143,155   
These should be in a visible location and colour-coded to correspond with the TTT 
score, where relevant.86,88,137  Electronic systems automate this information and allow 
information to be reviewed remotely.  However, they disconnect vital signs data from 
the patient and hence other indicators of clinical status and access to data is contingent 
upon the availability of computers.120,135,137,172,183 
The literature indicates that situational awareness can be facilitated in different ways in 
different contexts and it is the relationship between system elements that is 
important.137  In their study on situational awareness in delivery suites, Mackintosh et 
al. discuss the three main supports for situational awareness - whiteboard, handover 
and coordinator role - and illustrate how these worked together in organisations with 
strong situational awareness compared to those with reduced levels.  Crucially this 
‘interplay ’between the different activities was highly context dependent; ‘the same 
supports used differently generate different outcomes’.137 
Action 
The goal of the ‘Action ’sub-system is to initiate appropriate action in response to 
evidence of deterioration (see Appendix 20, Table 44: Summary of Action Evidence). 
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The literature suggests that mobilising action across professional boundaries is 
challenging, with differences in language between doctors and nurses and power 
dynamics contributory factors.111,120,132,140,142,146,148,184  TTTs are in part a response to 
the challenges of communication in marshalling action in response to deterioration.  By 
transforming a series of discrete observations into a summative indicator of 
deterioration – such as a score or a trigger – TTTs ‘translate ’and package the patient’s 
status into a form that can be readily communicated enabling individual level clinical 
data to be synthesised, made sense of and shared.43,112-121,125,131-
133,136,138,140,141,145,150,154,162,174  One study, however, found that TTTs were regarded as a 
nursing tool and were therefore not valued by clinicians; consequently, nurses 
encountered difficulties summoning a response.136 
Several studies also report on the use of SBAR in this context.  Like TTTs, SBAR 
translates information into a form that provides structure, consistency and 
predictability when presenting patient information.  SBAR has been shown to help 
establish common language and expectations, minimising differences in training, 
experience and hierarchy, and facilitating nurse-clinician communication.  While several 
papers advocate combining SBAR with TTTs,116,118,120,122,127,135,140  none specifically 
evaluated SBAR use.  Mackintosh et al. highlight that audit data suggests resistance to 
SBAR, with others cautioning that overextending SBAR use carries the risk of SBAR 
fatigue and attenuation of its effects.120 
Structured communication tools like TTTs and SBAR do not solve all the challenges of 
acting in response to evidence of deterioration.  Barriers to action were widely reported 
in the literature where these tools were in place.  These include: a general disinclination 
to seek help,112-114,118,120,121,123,128–131,133,138,140,141,145,152,155 concerns about appearing 
inadequate in front of colleagues,113,115,128,130,140,155 and failure of staff to invest in the 
escalation or calling criteria.114,115,139  Several papers also reported negative attitudes to 
RRT or MET use.  METs and RRTs operate outside the immediate medical team and 
create different issues in paediatric warning systems than when the escalation response 
is managed by the treating team.  These include a reluctance to activate because of the 
perceived busyness of PICU or medical staff,113,121,131,138,140,141 because previous 
expectations about an appropriate response were not met, or a sense that the situation 
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was under control (particularly when the physiological instability is in the area of 
expertise of the treating team).115,121,123,130,133,140,142,152  
No literature reported on successful interventions to facilitate RRT use, but several 
propose strategies to support escalation where there was no designated response team. 
These include informal peer-support, where inexperienced staff team up with more 
experienced staff; 114,121,140,152,155 clear structures to support action and a supportive 
culture that does not penalise individual decision-making, including the use of a ‘no 
false alarms ’policy so staff are not deterred from escalating care.114,121,128,161  Senior 
leadership is consistently identified as important; 86,113-
116,118,120,122,124,125,127,137,142,154,155,185 lack of support from superiors means staff are less 
likely to escalate and more likely to adhere to hierarchies within the c_rrent 
system.97,153,186  There is some evidence to suggest that any escalation policy should be 
linked to an administrative arm that reinforces the system, measures outcomes and 
works to ensure an effective system.120,122  
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There is a small literature on family involvement in the ‘Action ’subsystem.  Several 
studies report on Condition-Help, a program developed in the United States to support 
families to directly activate the RRT if they have concerns about their child’s condition.  
Families are also becoming increasingly recognised as playing a key role in the 
activation of RRTs in Australia.187  Research has evaluated the appropriateness of calls 
that were made by patients or relatives, 125,187–191 but has not considered why calls were 
not made.158   Involving family members in escalation demands vigilance, requiring 
them to take a proactive and interactive role with staff with potentially some degree of 
confrontation, particularly if challenging the appropriateness of decisions taken.161,187  
Families need both cognitive and emotional resources to raise concerns that involve 
negotiating hierarchies and boundaries.127,158  The literature points to a degree of 
professional resistance to family involvement in activation, with reports of physician 
concern that their role would be undermined, that resources would be stretched with 
an increase in calls and that it might divert attention away from those in need, 
50,159,187,189,192 although these fears are not supported by the evidence.50,159,193  
 
Box 3: Summary of findings, Review 3 
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The literature in this field is heterogeneous and stronger on the socio-material barriers 
to successful afferent component paediatric early warning systems than it is on 
solutions.  While several different single interventions have been proposed and some 
have been evaluated, there is limited evidence to recommend their use beyond the 
specific clinical contexts described in the papers.  This reflects both the weight and 
quality of the evidence, the extent to which paediatric systems are conditioned by the 
local clinical context, and the need to attend to the relationship between system 
components and interventions, which work in concert not in isolation. 
While there is a growing consensus of the need to think beyond PTTTs to consider the 
whole system, no frameworks exist to support such an approach.  Clinical teams 
wishing to improve rescue trajectories should take a whole systems perspective focused 
on the constellation of factors necessary to support detection, planning and action and 
consider how these relationships can be managed in their local setting.  TTTs have value 
in paediatric early warning systems but they are not the sole solution and depend on 
certain preconditions for their use.  An emerging literature highlights the importance of 
planning and indicates that combinations of interventions may facilitate situation 
awareness.  Professional judgement is also important in detecting and acting on 
deterioration and the evidence points to the importance of a wider organisational 
culture that facilitates this.  Innovative approaches are needed to support family 
involvement in all aspects of paediatric early warning systems, which are sensitive to 
the cognitive and emotional resources this requires.  System effectiveness requires 
attention to the socio-material relationships in the local context, senior support and 
leadership and continuous monitoring and evaluation.  
New technologies, such as moving from paper based to electronic TTTs, have important 
implications for all three sub-systems and critical consideration should be given to their 
wider impacts and the preconditions for their integration into practice. 
Key messages: 
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Limitations of the reviews 
There are several limitations of the quantitative reviews (Reviews 1 & 2).  Firstly, 
despite purposely widening the scope of the effectiveness review question to include 
paediatric ‘early warning systems ’with or without a PTTT, we identified very few 
studies that did not employ a PTTT as part of the intervention.  In part, this likely 
reflects the fact that PTTTs have become almost synonymous with early warning 
systems, but it is also possible that our search strategy may have missed some broader 
early warning system initiatives that were not explicitly labelled as such.  Secondly, our 
inclusion criteria for study selection were deliberately broad and so resulted in the 
inclusion of several validation and effectiveness studies that were subsequently 
excluded from analysis due to insufficient statistical detail or methodological issues.  
Thirdly, the scope of Reviews 1 & 2 was limited to consideration of quantitative 
validation and effectiveness studies.  As our qualitative review (Review 3) has 
identified, implementing PTTTs in practice may confer secondary benefits including, but 
not limited to improvements in communication, teamwork and empowerment of junior 
staff to call for assistance.114,116,117   Finally, we opted not to conduct a meta-analysis of 
effectiveness findings due to the heterogeneity of outcome metrics, interventions and 
study designs, populations and settings.  Given the large sample sizes required to detect 
• Attempts to improve hospitals’ paediatric early warning systems should not be 
limited only to consideration of PTTTs. 
• Clinical teams seeking to improve rescue trajectories for hospitalised children 
should take a whole systems approach. 
• The afferent limb of an early warning system is comprised of three sub-systems 
which must function in concert: detection (a child must be identified as being at 
risk); planning (ensuring teams are able to act when deterioration is identified); 
and action (ensuring an appropriate response to a deteriorating child). 
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changes in rare adverse events, further work is needed to standardise outcome 
measures used to evaluate early warning system interventions internationally, in order 
to facilitate aggregating findings across studies. 
The literature included in the qualitative review (Review 3) was heterogeneous and 
better at identifying system weakness than effective improvement interventions.  It was 
only by deploying social theories and a hermeneutic review methodology that we were 
able to develop ideas about the core elements of an afferent component paediatric early 
warning system.  Our findings are drawn from logical inferences, drawing on the overall 
evidence synthesis, social theories (TMT) and clinical expertise, rather than strong 
empirical evidence of single intervention effectiveness. 
Conclusions 
The three reviews were conducted to examine the current evidence base for paediatric 
early warning systems, and to understand the socio-material and contextual factors 
associated with their success or otherwise.  Collectively, the evidence generated 
suggests that most of the validation and effectiveness research into paediatric early 
warning systems has to date focused narrowly on PTTTs and has been carried out in 
predominantly specialist, single-site settings.  Moreover, there is currently limited 
evidence of their effectiveness when introduced to practice, in terms of reductions in 
rates of mortality or clinical deterioration over time.  The work carried out in the 
qualitative review suggests that it is important to look beyond PTTTs when considering 
effective strategies for detecting and acting on deterioration.  While it is not possible to 
make empirical recommendations for practice, a hermeneutic review methodology 
enabled the generation of theoretical inferences about the core components of an early 
warning system.  These informed the development of the PUMA Standard, expressed as 
propositional model that provided the foundations for the development of the PUMA 
Programme.  
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Chapter 4. Intervention development 
and implementation  
Development of the PUMA Programme  
This chapter describes how we drew on the evidence from the three systematic reviews 
to develop the PUMA Programme, and the strategies used to implement it across four 
UK hospitals. 
Background 
Sustained and replicable improvement in healthcare is a global challenge.  The inspiring 
success of some improvement efforts is undermined by a history of uneven outcomes 
and system-wide progress has been elusive.194–196  The PUMA Programme is founded on 
OUTCOME; a novel approach to improvement, which was developed as part of the study 
and designed to overcome some of the weakness of orthodox approaches to healthcare 
improvement (Box 4).  OUTCOME inverts the realist evaluation question of ‘what works, 
for whom, in what way, and in what circumstances?’ to ask ‘what is our desired outcome 
and how might this be achieved in a given context?’. 
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Box 4: Common weaknesses of orthodox approaches to healthcare improvement 
 
OUTCOME builds on insights from quality improvement (QI) and implementation 
science (IS) to offer principles, structures and theories to support scalable and 
sustainable locally embedded improvements to achieve an agreed outcome. 
Both IS and QI have enhanced understanding of how to effect change in healthcare 
improvement.  IS has focused on evidence-based interventions, with context a central 
concern, typically conceptualised as a source of confounding factors that interfere with 
implementation.197  Extensive training and facilitation to ensure enrolment in the 
initiative and intervention fidelity are often core components of implementation efforts.  
IS has generated theories and empirical research instruments to understand the 
complex interactions between context and interventions that influence implementation 
processes.198 
QI projects start in practice, aim to support and empower healthcare professionals to 
create change, and can therefore be designed and delivered to fit the context within 
1. Solutions are often identified before problems are properly understood.194-196 
2. Interventions are implemented without an understanding of the local systems of 
work in which they must have their effects.25,204 
3. The desire for standardisation limits freedom to adapt to local context.197 
4. When an intervention is imposed from outside the organisation, there is little 
ownership and limited opportunity to capitalise on local expertise.206 
5. Service-led projects that do utilise local expertise often lack adequate evaluation 
and reportage, which precludes shared learning.223 
6. The form of an intervention is often given more consideration than its function – 
with a tendency to give precedence to a tool that can be implemented over an 
adjustment to the system.30 
7. Improvement efforts are often time-limited and not sustained over the longer-
term.206 
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which they must work.  However, while overcoming some of the challenges of externally 
imposed initiatives that characterise IS projects, QI has been criticised for being a-
theoretical,199 and applying insufficient attention to rigorous evaluation and 
improvement or sharing the lessons of successes and failures in order to facilitate 
sustainability and spread.200 
Despite increasing calls for closer integration of QI and IS for faster and more effective 
improvement,201–203 there are few examples of improvement initiatives that explicitly 
use the terminology and concepts of both IS and QI.  OUTCOME is designed to capitalise 
on the extensive learning from both QI and IS, to simultaneously attend to local 
contexts, deliver improvements at scale, and allow for robust evaluation. 
The OUTCOME Framework 
The OUTCOME framework is informed by TMT,24, 30 NPT, 24, 204 and the Model for 
Improvement (Table 6).205  It comprises of six principles and associated structures and 
is designed to support the improvements necessary to achieve an agreed outcome in 
context-specific ways.  In the section that follows we describe the OUTCOME framework 
and illustrate its application in the PUMA study. 
 
Table 6: Summary of Theories that inform OUTCOME 
 Overview Core Constructs Application  
Translational 
Mobilisation 
Theory (TMT) 
TMT Is a theory of 
collective action, 
which focuses on 
the goal of a 
particular system of 
work, the elements 
of context that are 
most salient to 
enacting the goal, 
and the mechanisms 
Project: What is done 
in collective action  
Strategic Action Field: 
Where collective 
action is done  
Mechanisms: How 
collective action is 
done 
TMT is a relatively 
new theory and this 
is the first time it 
has been deployed 
for quality 
improvement 
purposes, where it 
provides the logical 
scaffolding to link 
theories and 
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by which that may 
be achieved. 
insights from IS and 
QI. 
Normalisation 
Process 
Theory (NPT) 
NPT shares the 
domain 
assumptions of TMT 
and may be used to 
inform the support 
required to enable 
context-appropriate 
solutions to be 
selected and 
embedded.   
Coherence: Agreeing 
on the premise and 
value of 
operationalizing a 
new set of practices  
Cognitive 
participation: 
Building and 
sustaining a 
community around 
the new set of 
practices  
Collective Action: 
Working collectively 
to implement a new 
set of practices  
Reflexive monitoring: 
Reviewing and 
appraising the new 
set of practices  
NPT is traditionally 
used by IS 
researchers and 
focuses on the work 
that is done around 
an intervention or 
new set of activities 
to embed them into 
routine practice. 
Model for 
Improvement  
The model outlines 
five steps for 
improvement: 
forming the team, 
setting aims, 
establishing 
measures, selecting 
changes and testing 
Three fundamental 
questions form the 
foundation of this 
approach:  
(1) What are we 
trying to accomplish?  
(2) How will we know 
The Model for 
Improvement is 
traditionally used in 
QI programmes as a 
framework for 
developing, testing 
and implementing 
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changes using Plan 
Do Study Act cycles.  
that a change is an 
improvement?  
(3) What changes can 
we make that will 
result in 
improvement?  
changes. 
 
Principle 1: Outcomes-directed 
The first principle of OUTCOME is that improvement is driven by an agreed outcome, 
rather than by pre-defined interventions.  This reflects a growing concern that 
healthcare improvement is often solution-driven, rather than focused on improving 
practice.  The emphasis on outcomes in the Framework is informed by the concept of 
‘projects’, which in TMT refers to a ‘goal-oriented enterprise, constructed by the 
interests that gather around it, and which has an associated division of labour, tools, 
technologies, practices, norms, rules and conventions’.30  Thinking about improvement 
in terms of the associated project helps to define the boundaries of the initiative.  In the 
PUMA study, this focused improvement efforts on the afferent component of a 
paediatric early warning system, which detects deterioration and triggers timely and 
appropriate action, and excluded the efferent component, which consists of the people 
and resources providing a response.41 
Principle 2: Functions-oriented 
The second principle of OUTCOME is that improvement is oriented towards the 
functions necessary to achieve the goal.  This requires specification of the primary 
mechanisms of action that are necessary within an overall process for the goal to be 
achieved.  In PUMA, the core functions of an afferent early warning system were 
identified through the application of TMT to the systematic review and refined through 
discussions with clinicians to produce seven functions in total: Monitor, Record, 
Interpret, Review, Prepare, Escalate, and Evaluate.42 
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Principle 3: Systems-focused  
The third principle of OUTCOME is that improvement is focused on the socio-material 
resources, processes and mechanisms needed to enact the essential functions for 
achieving the goal.  This requires specification of the minimum system requirements 
and draws on the concept of the strategic action field in TMT.  Strategic action fields 
provide the structures, organising logics, technologies and materials and interpretative 
repertoires that condition projects of collective action.30  
In PUMA the system standard was specified in a propositional model of minimal 
conceptual requirements organised around the seven functions of an afferent paediatric 
early warning system (PUMA Standard).  The model drew together two kinds of 
evidence from the systematic review: evidence of the challenges that must be overcome 
in detecting and acting upon deterioration and evidence on solutions to challenges, 
which have been proposed and/or evaluated.  The propositional model was reviewed 
and refined by parents with experience of a child’s deterioration and clinical experts on 
the PUMA team.  The model was refined during the implementation phase of the PUMA 
Programme, to provide a more easily accessible version of the original (Figure 4) and 
summarised in the PUMA Wheel (Figure 5). 
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Figure 4: The core components of a Paediatric Early Warning System: The PUMA Standard 
 Proposition  Conceptual requirements 
D
e
te
ct
io
n
 
D
e
te
ct
io
n
 
D
e
te
ct
io
n
 
Detection of 
deterioration 
depends on 
timely and 
appropriate 
monitoring 
of vital signs 
and relevant 
risk factors. 
At a minimum, this requires: 
• Staff are aware of which vital signs need to be monitored  
• Staff are aware of the minimum frequency of observations required for the children in their care  
• Staff are aware of the need to review the frequency of observations for children in their care 
• Staff are aware of additional clinical assessments required for children with prior risk factors  
• Monitoring tasks are allocated to staff members with appropriate skills to conduct them  
• Staff have access to appropriate equipment to accurately monitor vital signs, and conduct other clinical 
assessments 
• Staff are aware of roles and responsibilities for monitoring  
• Staff have time to conduct accurate timely and appropriate monitoring of vital signs, alongside other 
work commitments  
• Staff concern is formally recognised as a valid indicator of deterioration 
• Staff are supported to develop and use their intuition in detecting signs of deterioration   
• Staff understand the value of family concerns in the detection of deterioration 
• Families are involved with defining normal physiological parameters for their child  
• Families receive guidance about what to do if they are concerned that their child’s condition is 
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deteriorating  
• Staff keep families informed about developments in their child’s care and treatment  
Detection of 
deterioration 
depends on 
timely and 
appropriate 
recording of 
signs of 
deterioration  
At a minimum this requires: 
• Staff are aware of the need to record vital signs, family concern and staff concern promptly and 
accurately  
• Staff are aware of roles and responsibilities for recording vital signs, family concern and staff concern 
• Staff have appropriate skills to accurately record vital signs, family concern and staff concern 
• Staff have access to appropriate equipment to accurately record vital signs, family concern and staff 
concern 
• There are an appropriate number of staff to carry out required tasks 
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Detection of 
deterioration 
depends on 
timely and 
appropriate 
interpretatio
n of signs of 
deterioration  
At a minimum this requires: 
• Staff are aware of prior factors that increase children’s risk of deterioration (e.g. premature birth)  
• Staff are aware of roles and responsibilities for interpreting signs of deterioration 
• Staff take into account, vital signs, family concern and staff concern in assessing the condition of 
children in their care 
• Teams have appropriate skills to discern patterns and trends of signs and symptoms 
• Staff have the opportunity to learn how to interpret signs of deterioration from shadowing more senior 
staff 
• Care is organised to enable staff to recognise patterns and trends for children 
• Families are in a position to discern patterns of signs and symptoms in their child 
 Proposition  Conceptual requirements 
P
la
n
n
in
g
 
P
re
p
a
ra
ti
o
n
 Pla ning 
depends on 
reviewing 
indicators of 
deterioration 
for each 
patient.  
At a minimum this requires: 
• For each child, all indicators of deterioration are brought together and kept up to date  
• There is a regular mechanism for reviewing the status of all children in the ward to identify those children 
who are a concern 
• The is a regular mechanism for reviewing staffing levels and skills mix, workload, acuity and admissions 
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Planning 
depends on 
staff being 
aware at 
ward level of 
the status of 
individual 
patients and 
the 
availability of 
skills and 
resources, 
and 
preparing an 
appropriate 
response.  
At a minimum this requires: 
• There is a regular mechanism for communicating the review of all children, staffing levels and other 
resources to the rest of the team and senior managers 
• There is a regular mechanism for planning appropriate response to deterioration 
• Senior staff members are allocated responsibility for managing demand and resources  
• Senior staff members are allocated responsibility for communicating response plans  
• There is an action plan for children at risk of deterioration which is shared with families and staff caring 
for them  
 Proposition  Conceptual requirements 
A
ct
io
n
 Action 
depends on 
At a minimum this requires: 
• A trigger or prompt to act from detection or planning phases  
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clear 
escalation 
and response 
processes  
• Clearly defined graded escalation and response procedures – agreed at organisational level 
• Staff receive guidance about how to escalate and respond 
• Staff understand their roles and responsibilities in the escalation procedure as activators and responders  
• Staff are encouraged and supported in raising concerns   
• Families are encouraged and supported in raising concerns 
• Staff are able to communicate information across professional hierarchies using a structured approach to 
sharing information  
• Clear structures to support action, including the use of a ‘no false alarms’ policy so staff are not deterred 
from escalating care 
Action 
depends on 
evaluation 
At a minimum this requires: 
• Escalation and response processes are reviewed to promote learning 
• There is opportunity for staff to discuss differences of opinion in the need for escalation 
• No blame is assigned to those who escalate 
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Figure 5: The core components of a Paediatric Early Warning System: The PUMA Wheel 
 
 
Principle 4: Context-specific  
The fourth principle of OUTCOME is that improvement is focused on the development of 
context-specific initiatives to achieve the goal.  Proponents of change often favour top 
down approaches to bring about improvements; the list of interventions and 
improvement efforts that flounder when spread or scaled up continues to grow,194-196 
however, in part because of failures to normalise and embed interventions into local 
contexts.  As Braithwaite has argued, all meaningful improvement is local,206 and yet QI 
has been criticised for applying insufficient attention to rigorous evaluation and sharing 
the lessons of successes and failures in order to facilitate sustainability and spread.  
Avoiding these pitfalls requires structures to support systematic and rigorous local 
improvement efforts in relation to a service standard.  In addition to specification of the 
 102 
 
minimum system requirements to support an improvement project, OUTCOME also 
involves the development of associated assessment tools that can be deployed to 
improve understanding of the local system and identify areas for improvement.  
In PUMA two complementary assessment tools were developed from the PUMA 
Standard: ‘Staff System Assessment Tool’ (SSAT) and ‘Family Feedback Tool’ (FFT).  
These were refined during the course of the study, along with the PUMA Standard.  The 
tools were designed to prompt wider discussion amongst the improvement team in 
order to reach a shared understanding of the local afferent paediatric warning system 
and areas that might be targeted for improvement. 
Principle 5: Locally led 
The fifth principle of OUTCOME is that improvement capitalises on the expertise and 
knowledge of those delivering services.  This is intended to encourage local ownership 
of the improvement initiative.  An amended version of the Model for Improvement  
supports teams in driving their own improvement processes and is designed to 
operationalise the core constructs of NPT.  It is based on a 5 step process:  
1) Form an improvement team  
2) Assess the system 
3) Select and plan improvement initiatives  
4) Implement and review initiatives  
5) Sustain progress.  
In PUMA, local leadership of the improvement process was supported through 
workshops, facilitation and written guidance.  
Principle 6: Learning systems 
The last principle of OUTCOME is to create a learning system around the improvement 
project, with participants attuned to system features with strong feedback loops.206   
Healthcare systems are dynamic and wider changes to the system may be consequential 
for an area of practice resulting in ‘drift’,207 or the need for further adjustments to the 
system.  OUTCOME deploys the use of assessment tools to keep systems under review, 
and structures for supporting local leadership.  
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In PUMA, PIs were provided with written guidance on how to ‘sustain progress ’and 
encouraged to repeat the system assessment every 12-24 months to reflexively monitor 
performance, select and plan initiatives and implement and review initiatives.  Table 7 
summarises the principles, structures and theory informing the OUTCOME framework 
and its application to the PUMA study. 
 
Table 7: The OUTCOME Framework: principles, structures, theory and application in the 
PUMA study 
PRINCIPLES STRUCTURES THEORY PUMA 
Outcome-directed 
Improvement is 
directed towards 
achieving an agreed 
outcome or goal 
 
 
Specification of 
the collective 
action to be 
targeted for 
improvement 
and its 
overarching goal.  
 
TMT 
 
The goal of the PUMA 
study was to improve 
collective action in 
relation to the afferent 
component of a 
paediatric early warning 
system, which detects 
deterioration and triggers 
timely and appropriate 
action, and excluded the 
efferent component, 
which consists of the 
people and resources 
providing a response 
Functions-oriented 
Improvement is 
oriented towards the 
functions necessary 
 
Specification of 
the core 
components, 
mechanisms of 
 
TMT 
 
Collective action in 
detecting and acting in 
response to deterioration 
includes detection 
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to achieve the goal action and their 
relationships 
necessary to 
achieve the 
overarching goal. 
(monitoring, recording, 
interpreting), 
preparation (reviewing, 
planning) and action 
(escalation, evaluation). 
System-focused  
Improvement is 
focused on the socio-
material system 
required to enact the 
functions necessary 
to achieving the goal 
 
 
Minimum 
standards 
required to 
achieve the goal 
across contexts 
are specified (e.g. 
socio-material 
resources - 
people, materials, 
knowledge, 
processes and 
mechanisms) 
 
TMT 
 
In PUMA the minimal 
standards for a system 
for detecting acting on 
deterioration was 
specified in propositional 
model structured around 
the 7 core functions 
Context-specific 
Improvement is 
focused on the 
development of 
locally appropriate 
initiatives to achieve 
the goals 
 
Tools developed 
to assess systems 
against the 
standard 
 
 
TMT/NPT 
 
Staff System Assessment 
Tool 
Family Feedback Tool 
Locally–led 
Improvement 
capitalises on the 
expertise and 
 
Five step process 
to support 
improvement:  
 
NPT 
Model for 
 
Improvement guide 
Structured facilitation 
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knowledge of those 
delivering services 
1) Form an 
improvement 
team 
2) Assess the 
system 
3) Select and 
plan 
improvement 
initiatives  
4) Implement 
and review 
initiatives 
5) Sustain 
progress  
Improvement. On-going support 
Learning systems 
Improvement is 
sustained by the 
creation of a learning 
system to optimise 
outcomes through 
the application of 
system assessment 
tools, to keep 
systems under 
review, and 
structures for 
supporting local 
leadership.  
 
System 
Assessment 
Tools to enable 
reflexive 
monitoring 
Framework to 
support 
improvement 
process of drawn 
from the Model 
for Improvement. 
 
TMT 
NPT 
 
Improvement Guide 
provided guidance on 
repeating the system 
assessment every 12-24 
months to reflexively 
monitor performance, 
select and plan initiatives 
and implement and 
review initiatives. 
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Implementation of the PUMA Programme 
Implementation of the PUMA Programme took place between June 2016 and November 
2017.  The improvement process was founded on the PUMA Standard and 
implementation followed a structure to guide study sites through the PUMA 
Programme’s five steps for improvement (Figure 6). 
Figure 6: Summary of PUMA Programme 
 
 
First, PIs were encouraged to create a local Improvement Team to oversee the 
improvement process.  Second, sites used the assessment tools to identify their own 
system’s strengths and weakness and considered potential solutions.  Third, 
improvement teams planned their initiatives.  Fourth, improvement teams 
implemented initiatives.  The support and resources provided to teams during each of 
the steps is outlined in Table 8.  The specific implementation strategies adopted were 
designed to i) disseminate information on, and clarify understanding of, the PUMA 
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Programme, and ii) facilitate and support each site’s engagement and on going 
participation.  
 
Table 8: Summary of support and resources provided for each of the five improvement 
steps 
Improvement Step Facilitated 
workshop 
Materials and 
resources sent to PIs 
Additional 
facilitation 
strategies 
1. Form an 
improvement team 
‘Set-up’ session Instructions and 
worksheets 
Power Point slides 
to introduce PUMA 
to others 
Implementation 
support phone calls 
between site PIs and 
PUMA study 
researcher (offered 
fortnightly) 
2. Assess the system ‘Set-up’ session Instructions and 
worksheets 
Propositional model 
and visual summary 
(wheel) 
PUMA system 
assessment tools 
(SSAT and FFT) 
Implementation 
support phone calls 
between site PIs and 
PUMA study 
researcher (offered 
fortnightly) 
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3. Select and plan 
improvement 
initiatives 
‘Action planning’ 
session 
Instructions and 
worksheets 
Implementation 
support phone calls 
between site PIs and 
PUMA study 
researcher (offered 
fortnightly) 
4. Implement and 
review initiatives  
‘Action planning’ 
session 
 
Instructions and 
worksheets 
Implementation 
support phone calls 
between site PIs and 
PUMA study 
researcher (offered 
fortnightly) 
Implementation 
support meetings 
(phone and face to 
face) between site 
PIs and PUMA study 
team 
5. Sustain Progress  Instructions  
 
Materials and resources were refined iteratively during the course of the PUMA study 
and later collated in an Implementation Guide (see Supplementary Material 3: PUMA 
Implementation Guide).  
Summary 
The OUTCOME framework for healthcare improvement was developed as part of the 
study and designed to overcome the weaknesses of orthodox approaches to healthcare 
improvement.  OUTCOME draws on IS and QI to provide a framework to support teams 
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to implement context-specific initiatives to achieve an overall improvement goal.  In 
PUMA, OUTCOME offered a systematic approach to context specific improvement 
around the shared goal of improving paediatric early warning systems.  It provided a 
standardised approach across different settings, but which still enabled those 
responsible for implementing interventions to select solutions that were more likely to 
work within the structures, organising logics, material and interpretative repertoires in 
the local context.30  The PUMA Standard and associated assessment tools were central 
to the improvement programme.  Limited facilitation was provided.  In the following 
chapters we describe the impact of the PUMA Programme in each of the four sites.  
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Chapter 5: Case Study 1 - Alder Hey 
Children’s Hospital 
Pre-implementation phase 
Paediatric early warning system in context 
The hospital 
Case Study 1 was undertaken at Alder Hey Children’s Hospital, a large (260 beds) 
tertiary paediatric hospital in the North-East of England.  The hospital has a national 
profile as a centre of excellence, and had recently moved into a new bespoke building, 
with dedicated family accommodation. 
The ward 
The ward case study focused on a specialist cardiac medical/surgical ward, which cared 
for cardiac and cardiac-surgical patients.  The patient population was diverse and 
included children with established diagnoses and/or relatively stable conditions, others 
with more recent, unexpected or uncertain diagnoses, and/or acute critical care needs, 
and day-surgery cases. 
The ward had 24 beds divided into three ‘pods’ each with a Nurses’ Station.  The orange 
pod comprised two four-bedded bays and was used for day-surgery patients, and low 
acuity children.  The green pod was used for non-critical cardiac inpatients; with the 
sickest children allocated to beds visible from the Nurses’ Station.  The blue pod was 
used for the most unwell and highest-dependency patients and classified as ‘HDU’ beds. 
See Supplementary Material 4: Alder Hey Case Study Ward Layout for details. 
Staffing 
Ward staff comprised of a Ward Manager, 38 Band 5 nurses, six Band 6 nurses, Nurse 
Educator, four HCAs and a play specialist.  Student nurses had placements on the ward.  
Many of the nurses were very experienced and had specialist skills, although none were 
APLS (Advanced Paediatric Life Support) trained.  All qualified staff worked across 
 111 
 
regular and HDU patient beds.  Staff turnover was low, agency staff usage rare; with 
gaps in the rota filled by ward staff working ‘bank ’shifts.  
Nurses and HCAs worked 12-hour shifts (7am-7pm).  The Ward Manager and Nurse 
Educator worked 8am-4pm weekdays, but frequently exceeded these hours.  Nurses 
worked in one of the pods.  A Band 6 nurse was designated Shift Coordinator but also 
carried a caseload.  
The cardiology medical team managed all patients; cardiology and surgical teams jointly 
managed surgical patients.  The medical team comprised cardiology consultants, 
registrars and other junior doctors.  Junior doctors rotated every 6 months.  The 
cardiology team provided weekday and weekend cover with day shifts starting around 
8am and ending around 8pm.  An on-site registrar and on-call cardiology consultant 
provided night cover.  Medical staff from PICU, which was adjacent to the ward, 
provided occasional ad-hoc support to the cardiac registrar during nightshifts.  There 
was no RRT.  
Routines 
Nursing handover was at 7am and 7pm. 
A shift coordinators’ handover was at 7am and 7pm. 
There were two daily bed management meetings, attended by shift coordinators. 
The medical team’s daily routine included: i) handover between the night and day shift 
registrars, ii) a daily ward round attended by the medical team and Shift Coordinator, 
and iii) an evening ‘board round’ between the Consultant, Registrar and Shift 
Coordinator.  
Family involvement 
The ward environment was designed to accommodate parents, and staff encouraged 
them to be present on the ward.  Sixteen single-occupancy rooms on the ward could 
accommodate parents overnight.  Relationships between the ward team and families 
were highly valued and very positive, but although the new infrastructure provided 
high levels of privacy, it prevented easy nurse-family communication.  
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Paediatric early warning system assessment 
Detect 
A detailed trust policy specified observations to be conducted on admission, and during 
each clinical assessment.  Nurses were required to conduct observations at least four-
hourly, but most children needed more frequent monitoring.  Awareness of the detail of 
the formal policy was uneven, but appeared to be embedded in practice.  There was a 
high level of awareness of the need for children with complex diagnoses and/or medical 
histories to have extra/additional vital signs monitored, or for certain key vital signs to 
be monitored more frequently.  An electronic recording and scoring system was in use - 
‘Meditech-6’ - which included a ‘red clock’ that indicated when observations were due 
and acted as a prompt to ensure all relevant vital signs were recorded, although nurses 
sometimes struggled to complete observations within schedule.  Trust policy specified 
that the minimum frequency of observations for each patient was set by nursing staff on 
admission and reviewed at each nursing handover.  Observation frequency for each 
patient was entered into Meditech-6. 
Children admitted to the ‘green ’and ‘blue ’pods were monitored continuously.  Real 
time vital signs were displayed on bedside screens and terminals at the Nurses ’
Stations.  When vital signs fell outside of pre-defined parameters an alarm sounded at 
both the patient bedside and the Nurses ’Station.  Elective day-surgery patients in the 
‘orange ’pod were monitored intermittently using portable equipment, which triggered 
alarms and could be connected to the Nurses’ Station as required. 
While continuous monitoring was widely used, scheduled observations were conducted 
manually and nurses were encouraged to look beyond the vital signs readings in 
assessing a child’s status, with nursing work allocated to ensure continuity of care and 
facilitate pattern recognition. 
Senior Nurse: [I]t’s no good just looking at a monitor, because you need to be 
looking at their chest expansion and if they’re using extra muscles and whether 
its equal and whether they’ve got any other signs like a nasal flow, or other signs 
that they’re struggling to breathe.  
 113 
 
Relocation to the new hospital had created major challenges; the old accommodation 
was open plan and afforded high levels of surveillance over children and colleagues and 
families were visible.  With the new ward layout, this was lost, and impacted on how the 
unit worked.  During the pre-implementation phase, nurses were still adjusting to these 
disruptive effects. 
Although monitoring equipment was functional and available at all bedsides, nurses put 
effort into generating ‘good’ observational data; some of the ‘probes’ used to gather 
information on oxygen saturations or respiratory rate for instance did not fit small 
babies, and nurses had to actively work with the monitors - adjusting and calibrating 
different pieces of equipment - to ensure vital signs readings were accurate. Meditech-6 
utilised vital signs data and other variables to automatically calculate and communicate 
a ‘score’.  This included ‘nurse concern of deterioration’, which scored 1, and ‘parental 
concern of deterioration’, which scored 2.  
Meditech-6 was a relatively new intervention and nurses were adjusting to its use in 
practice.  While Meditech-6 replicated the paper-based PTTT it replaced, it had different 
affordances and its integration into practice had implications for nurses’ workflow.  
First, unlike the paper system it did not immediately provide an overview of vital signs 
trends.  Accessing this information required navigating through several screens 
(Supplementary Material 5: Screenshots From Alder Hey’s Meditech-6 Electronic 
Recording and Scoring System).  Second, compared to recording observations on a paper 
chart, data entry in the electronic system was more time-consuming.  Third, the 
requirement to access mobile computers resulted in nurses recording observations on a 
scrap paper before later entering data into Meditech-6.  Such practices carried the risk 
that vital information could be lost or misplaced. 
Nurse: (entering observation data into computer) “I’m sure I did (9)’s obs” 
Researcher: “I’m sure you did, you wrote it on a paper towel” 
Nurse: “I can’t find it, I’m sure I did all 3” 
Researcher: “There are some pieces of paper towel here are any of these yours?” 
(3 x paper towel with numbers written on, no patient names or room numbers) 
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Nurse: “No, those are all (other nurses’)” 
(Fieldnotes) 
The ward staff had good relationships with families, and often had cared for children 
previously.  Many families had experience with, and understanding of, their child’s 
condition, but others were orientating themselves to an unexpected and/or new 
diagnosis.  While parents were encouraged to monitor their child and develop 
understanding of bedside monitoring equipment, staff understood and responded to 
differences in capacity, and tended to give very knowledgeable parents more 
involvement in patient care.  During the ward round the consultant asked parents 
(when present) about their own understanding of their child’s health.  Parents of 
children with long-term conditions were regarded as an important source of knowledge 
on baseline vital signs parameters. 
Plan 
There were a number of processes for reviewing individual patients and unit capacity, 
and these produced different levels of situation awareness across the nursing and 
medical teams. 
Nursing handover was the key mechanism by which nurses formally collated and 
communicated information on patients ’status.  Separate handovers were conducted in 
each pod, thus nurses only had an awareness of the patients in their area.  There were 
no formal face-to-face meetings between day and night staff; handovers were audio-
recordings created by the nurse caring for the patient.  All staff from the incoming shift 
reviewed this information by listening to the recording and annotating electronic pre-
populated printed handover sheets.  The quality of recordings was variable, however, 
and there was no formal opportunity for discussion between nurses from each shift.  
In the nursing team, it was only the Shift Coordinator who had overall situation 
awareness of the ward and related units.  A coordinators ’handover took place at 7am 
and 7pm.  This was a face-to-face meeting in which coordinators shared detailed patient 
information, expected admissions, discharges and ‘step downs ’from PICU, highlighted 
the ward’s most unwell patients and discussed concerns, and reviewed nurse staffing.  
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The shift coordinators liaised with the ward nurses for updates on their patients before 
the meeting.  
After the coordinator’s meeting there was a bed management huddle attended by senior 
nurses from all critical care units.  There were updates on the current status of HDU and 
PICU patients and information on planned and potential ‘step down ’admissions to the 
ward.  The Shift Coordinator communicated the ward’s current staffing levels and 
capacity.  
Medical handover was an important mechanism for doctors to review children’s status.  
This took place at 8am and 8pm and involved the night and day shift registrars only.  All 
children were discussed consecutively and in detail, focusing on patients of most 
concern.  Outstanding work tasks were also identified.  The registrar also attended PICU 
handover for an update on cardiac patients and expected discharges to the ward.  Junior 
doctors received updated information on patients through an electronic handover 
sheet, which would have been updated by the outgoing medical team. 
There was a 9am daily ward round led by the cardiac consultant and attended by the 
registrar, and junior doctors.  This was the primary mechanism by which the additional 
needs of ‘at risk’ patients were identified and shared between nursing and medical staff.  
Ward rounds lacked a consistent format, however.  In one model the medical team was 
accompanied by the Shift Coordinator and saw all their patients in turn.  The nurse 
looking after each patient either remained in the patient’s room and communicated 
with the medical team directly, or if possible they liaised with the Coordinator who 
consulted the medical team on their behalf.  There were other instances where the ward 
round was shared and conducted in two pods simultaneously, so the Coordinator could 
only attend part of the round.  In a third model the ward round was conducted from an 
office which nurses were unable to attend because they could not leave the patients, 
and this created communication difficulties.  Bedside ward rounds were markedly more 
formal events when compared with inter-professional communication at all other times.  
Communication between the senior doctors and parents was prioritised, with the nurse 
often left outside the room.  Shift coordinators carried a caseload and would frequently 
be called away to address other issues. 
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There was an evening ‘board round ’at 6pm attended by the registrar, consultant, junior 
doctors and Shift Coordinator.  The consultant led a team review of each patient in 
order to identify priority tasks and concerns.  The Coordinator found it more 
challenging to attend this handover, because of other competing priorities.  It was also 
difficult to predict who would be present, and whether the results of the board round 
would be fed into nurse handover information for the next shift. 
The ward had an electronic board linked to Meditech-6 intended to display up-to-date 
information on patients’ status across the ward.  This was unused because it was 
inaccurate owing to delays in entering vital signs data and was infrequently updated 
when patients were moved/discharged. 
Act 
There was a hospital-wide PTTT score built into Meditech-6.  Pop-up boxes prompted 
staff to identify and record a course of action when a score of above 3 was generated.  
Nurses were also required to indicate whether there had been a senior nurse or medical 
review during each observation, or if it was needed.  The formal policy provided general 
guidance on escalation, but made reference to following instructions on the observation 
chart which specified how to make use of the score, in what circumstances escalation 
should be triggered and the actions indicated.  Nurses were well informed of the 
escalation policy and the respective responsibilities of nursing and medical staff.   
When vital signs fell outside of pre-defined parameters an alarm sounded at the patient 
bedside and Nurses ’Station.  However, many patients had vital signs readings (e.g. 
oxygen saturation levels) outside acceptable parameters for the general paediatric 
population, but normal for them because of their condition.  Meditech-6 allowed vital 
signs thresholds to be adjusted, but this was the responsibility of the consultant and 
rarely done.  Nurses checked if parameters had been adjusted in order to assess 
whether to worry about alarms or not.  Alarms activated frequently, and in the vast 
majority of circumstances were quickly silenced by either nursing staff or a 
parent/family member.  Staff frequently discussed limitations of the Meditech-6/PTTT 
system, and repeatedly emphasised the importance of utilising their own professional 
judgement  - alongside scores - when making patient assessments. 
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The ward had a supportive culture; junior nurses raised concerns first with the Shift 
Coordinator and were confident that these would be attended to.  Inter-professional 
relationships were more variable.  In the day, doctors had a high presence on the ward 
and while nurses were mainly positive about the quality of relationships with medical 
staff, they also made reference to, and we observed, instances where they struggled to 
get doctors to act on their concerns.  
Staff Nurse:  I think the doctors and the nurse relationship is really, really good 
here […] it depends which doctor […] sometimes doctors don’t realise how 
serious you mean […] like this little boy, […] I knew him very well, so I knew that 
he really wasn’t right, whereas the doctor that, who happened to be on that day 
didn’t really know and he said “oh for that condition it can be that, that can be 
normal for that condition” and I was thinking “yeah, but for him it’s not normal” 
[…] so it’s often a problem there when the doctors don’t really understand what 
you’re trying to tell them, because they’ve got other ideas or something like that, 
you know. 
There was evidence that nurses could not always persuade doctors to respect their 
subjective assessments, and often would make use of the more heavily weighted 
‘parental concern ’variable in the PTTT in order to generate a score that better reflected 
their own clinical judgement.  There were particular challenges at night where there 
was insufficient Band 6 nurses to ensure consistent cover on all shifts, and junior nurses 
reportedly had more challenges in communicating with doctors. 
There was a high level of contact between nursing staff (particularly) and parents, and 
this required the filtering of expressions of parental concern, in order to ensure that 
only relevant concerns were factored into clinical decision-making and the management 
of patient care.  Appendix 21, Table 45 shows a summary of the pre-implementation 
system strengths and weaknesses identified by the PUMA team. 
Implementation phase 
Process 
The Alder Hey improvement team was led by two PIs (consultant and senior nurse), and 
included ward managers, cardiology consultants, cardiology liaison nurses and non-
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clinical staff involved in trust-level quality improvement work.  Membership fluctuated; 
some individuals remained throughout the implementation period, others were 
involved for a short time or to a limited extent.  The team leaders identified three wards 
for the implementation of the PUMA Programme: cardiac, medical and a third ward.  
The SSAT and FFT were completed on all three of these wards and the results (Figure 7) 
used to identify areas for improvement.  
 
Figure 7: Alder Hey system assessment radar diagram 
 
 
The team focused on elements of the wheel found to be the weakest - the involvement of 
families in detect; the reviewing of information; and identifying and preparing for risk - 
and used the process to develop a deeper understanding of these system weaknesses.  
These insights informed the development of their action plan, which evolved over time 
in response to local staff feedback, on-going interactions with the PUMA team, and 
significant organisational events.  Interventions were not strongly branded as PUMA.  
Appendix 22, Table 46 shows a summary of the pre-implementation system strengths 
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and weaknesses identified by the improvement team; and Figure 8 shows the timeline 
for implementation of each initiative. 
Figure 8: Alder Hey implementation process timeline 
 
Context 
Key organisational level changes in response to critical incidents that related explicitly 
to the paediatric early warning system had significant implications for the 
implementation of the PUMA Programme at Alder Hey.  In November 2016 a patient 
died of sepsis as a result of a failure to recognise and act on signs of deterioration.  This 
was immediately classified as a serious incident and triggered two inspections by the 
Care Quality Commission (CQC), which concluded that: ‘all observations were not 
recorded to generate an accurate PEWS and escalation of PEWS was not done in a 
timely manner ’[Alder Hey Children's NHS Foundation Trust Alder Hey Children's 
Hospital Quality Report].  The critical event and subsequent CQC inspections led to 
numerous Trust-mandated changes to the paediatric early warning system (see below).  
Other organisational changes included a reduction in the number of PICU and HDU beds 
because of nursing shortages.  
The trust also introduced a new ‘Global Digital Excellence ’project with the aim of 
standardising all electronic documentation utilised at the site, which increased the 
workload of the PIs and took time away from the PUMA Programme. 
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Initiatives  
PUMA initiatives 
Five PUMA initiatives were proposed at Alder Hey (see Appendix 23, Table 47): 
1. Monthly critical deterioration review 
2. Out of hours standard operating procedure (SOP) for on-call doctors 
3. Family engagement tool 
4. Training clinical staff on the Alder Hey PEWS, recognition and response to 
deterioration, and NICE sepsis screening. 
5. Standard Operating Procedure for improving ward rounds 
Monthly critical deterioration review  
Led by a consultant and senior nurse, these meetings were intended to address 
weaknesses in the organisation’s approach to reviewing and learning from critical 
deterioration events.  It related to the evaluate function in the propositional model.  
The initiative was to comprise of ‘critical deterioration review meetings ’held between a 
senior nurse and consultant paediatrician, and an online, anonymous survey of staff 
members involved in cases of critical deterioration.  In a series of meetings (3-4), 
multiple cases of critical deterioration were reviewed in detail.  Eleven survey questions 
were designed and piloted with nursing and medical teams in order to generate ‘direct 
feedback ’from the teams involved through an anonymous staff survey, but the project 
then stalled and the initiative did not become embedded in practice.  The work of 
collating information in preparation for each meeting was significant, as was the time 
required to review each case in the necessary detail and the initiative was not sustained. 
Out-of-hours standard operating procedure for on-call doctors 
While the cardiac ward had its own out of hours cover, a medical and surgical team (one 
consultant and one registrar) covered the rest of the hospital.  The out-of-hours SOP 
was developed in response to weaknesses in identifying and planning for risk.  Normal 
practice was for doctors to review every patient currently admitted to the hospital, 
regardless of clinical acuity.  The initiative was led by a consultant, building on previous 
activity around the organisation of medical work, who began by observing current 
junior doctors ’working practice and established that the handover was particularly 
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poor at sharing key information on the ‘sickest kids ’across the hospital between 
doctors, and between medical and nursing teams.  The new SOP introduced a system of 
working within which on-call medical teams were able to prioritise workload according 
to clinical need.  It also introduced a third member of on-call medical staff (an additional 
registrar) and required nursing teams to follow an SBAR-model of communication when 
requesting out-of-hours medical review.  Initiative two was successfully introduced and 
embedded across the organisation.  
Family engagement tool 
This initiative aimed to ‘improve family satisfaction ’and ‘increase family involvement in 
care planning ’through the design and implementation of a communication tool to be 
implemented on the cardiac ward.  A senior nurse led the initiative in partnership with 
a cardiology consultant, with additional input from a ward manager, a senior nurse, a 
junior doctor, and play specialist.  Possible approaches were discussed in a series of 
meetings, but progress stalled because the technological infrastructure was not 
available.  The team decided to implement ideas and approaches that had been 
successfully embedded in practice elsewhere and selected MyPad, a communication 
board used in the general HDU.  However, while some progress was made in tailoring 
the tool for use on the cardiac ward, the initiative ceased due to significant changes in 
the structure of the senior nursing team, and the discovery of plans to implement 
communication technologies – iPads - across the organisation.  
Training clinical staff  
This initiative resulted from organisational level mandated changes in response to the 
serious critical incident.  The CQC identified a number of areas of system weakness 
which aligned with the priority areas identified through the System Assessment, 
namely: ‘Staff were not compliant with Trust policy in obtaining and recording 
observations as per PEW tool guidance’ and ‘Lack of a standardised tool to recognise 
sepsis across the Trust’.  The selected initiative consisted of retraining clinical staff on 
the Alder Hey PEWS; recognition and response to patient deterioration; and the NICE-
endorsed sepsis screening pathway (SEPSIS 6).  A ‘staff competency ’document was 
used alongside training sessions to assess and record each staff member’s level of 
understanding, and data on staff receiving and completing training was collected across 
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the Trust.  Initiative four was successfully introduced across the whole organisation.  
Because this initiative was a mandated change in response to the CQC report, 
organisational-level support was guaranteed from the outset, and as such a high level of 
practical, financial and regulatory assistance was provided throughout the development 
and implementation process.  However, the initiative ‘absorbed a high percentage of 
time ’and required ‘very tight project management’, with negative consequences for 
other PUMA initiatives.   
Standard operating procedure for improving ward rounds 
This initiative was designed to improve processes for reviewing children and planning 
for action on the cardiac ward and was led by a senior nurse working with a cardiology 
consultant.  In the pre-implementation period, sometimes the ward round was divided 
into two medical teams undertaken simultaneously or conducted away from the ward.  
This meant the Shift Coordinator could not attend both rounds and therefore lacked 
situational awareness; the medical team also had a fragmented understanding of all 
patients.  There was also significant variation in the way evening ‘board rounds ’were 
conducted: it was difficult to predict on a regular basis who would be present, and 
whether the results of the board round would be fed into nurse handover information 
for the next shift.   
Some progress was made in getting key staff members to discuss the issue, but the 
momentum was not sustained and no ward round SOP was implemented.  In order for 
the initiative to be successful, both nursing and medical teams needed to be involved; 
securing the direct involvement of senior medical staff was a particular challenge. 
Staff Nurse: [T]he consultant team couldn’t agree what they wanted, how they 
wanted it to look.  So we’ve spent months trying to get some sort of consensus.  
Non-PUMA initiatives 
In addition to the PUMA Programme initiatives, a number of other initiatives were 
implemented which impacted on the paediatric early warning system.  These included 
additional organisational changes as a result of the CQC visit and other system changes 
implemented by ward level staff. 
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Lower trigger threshold 
The threshold upon which a score triggered senior (medical) review was lowered after 
the critical incident took place (November 2016). 
SEPSIS 6 pathway 
The SEPSIS-6 pathway was implemented as a direct result of the CQC visit and the 
recognition that there was a no standardised tool to recognise sepsis across the Trust.  
Training for the pathway was implemented as part of the PUMA training initiative.  In 
addition, it was introduced to the Meditech-6 system.  This required nurses to answer 
an additional range of questions whilst inputting patient data.  This was extra work but 
the disruptive effects were mitigated by the fact that at the time of this change the 
electronic system had become normalised. 
Appointment of additional staff: specialist sepsis nurses 
A number of specialist sepsis nurses were employed from June 2017.  This specialist 
team covered the whole hospital.  They worked in advisory capacity if there were 
incidents involving sepsis and were also involved in training.  
Development of a standard operating procedure to define and clarify shift coordinator 
role 
In a further development the Trust implemented a SOP for shift coordinator role to 
address a perceived lack of consistency.  The aim was to generate role clarity, ensure 
the coordinator was able to support and direct the team to ensure child safety was 
maintained, and ward staff were aware of roles and responsibilities of the co-ordinator. 
Introduction of safety huddle 
The cardiac ward implemented a formal safety huddle, which was led by the Ward 
Manager who had been involved in the system assessment on the cardiac ward.  The 
huddle was a five-minute meeting immediately prior to both the morning and evening 
nursing handover meetings.  The outgoing Shift Coordinator presented information 
relating to both ward and patient concerns to all incoming nursing staff.  A handover 
sheet was introduced to help support this process which contained sections on ‘key 
messages’, ‘watchers/PEW triggers’, ‘safeguarding concerns’, and ‘recent incidents’.  
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Ward-specific escalation plan 
A ward-specific ‘Escalation Plan for a Deteriorating Cardiac Patient ’was introduced, led 
by the Ward Manager and Nurse Educator, working in partnership senior medical 
(cardiology) colleagues.  The policy was developed in response to the fact that the 
particular clinical characteristics of many cardiac patients did not ‘fit ’the trust-level 
PTTT system and required vital signs parameters to be adjusted.  This long-recognised 
issue was identified in the PUMA System Assessment, although not prioritised in the 
Action Plan. 
The final policy specified cardiac-specific guidance on the electronic PTTT system and 
provided updated detail on the role of the Shift Coordinator within the escalation 
pathway.  Specific timeframes were provided (‘medical review within 30 minutes’) and 
instances where consultant review must be sought highlighted (‘consultant must be 
alerted to a new PEWS of 4 OR nursing or parental concern or increased lactate above 
3’).  Printed copies of the new plan were placed at each Nurses ’Station, and echoing the 
changes brought about by the out of hours SOP, were bundled with SBAR sheets (with 
the aim of aiding clear and direct communication).   
Communication check-list for HDU and PICU transfers 
A communication checklist for improving communication between staff and the family 
members of patients transferred from HDU or PICU was developed and introduced to 
the cardiac ward in June 2018.  This detailed information to be discussed with parents 
on admission, including: information on the electronic monitoring system, reminder to 
inform families they can ask for help at any time.  Nurses were required to sign off each 
completed task before returning the completed sheet to the ward manager.  However, 
while the ‘check list ’was in regular use for a short period of time, it did not become 
embedded due to significant changes in the senior nursing team.  Progress on 
alternative approaches was halted because it was anticipated that the Trust would be 
introducing a hospital-wide system for communicating with parents.  Appendix 24, Table 
48 summarises the implementation of action plan initiatives for Alder Hey and Appendix 
25, Table 49 summarises all the embedded changes over the course of the study. 
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Post-implementation phase  
Paediatric early warning system in context 
The ward also experienced contextual changes that were consequential for system 
functioning in the post implementation period.   
The number of HDU beds on the cardiac ward was increased from 8 to 10 (2 beds in the 
‘green ’zone were converted from standard care to HDU) and there was an associated 
increase in the number of qualified nursing staff employed on the ward.  There were 
several new Band 5 appointments in response to internal promotions and the loss of 
several staff.  Overall there was an increase in Band 6 nurses which ensured consistent 
senior nursing cover for both day and night shifts.  All new and existing Band 6 nurses 
received APLS training; the consistent presence of APLS-trained staff had been 
highlighted as a requirement by CQCs in line with RCN guidelines.  Two of the ward’s 
Band 6 nurses were undertaking additional training, in order to qualify as ANPs.  
The ward received an additional number of mobile computers; these were reported to 
be quicker, with a better battery-life.  
The hospital escalation plan was updated in March 2018.  
Paediatric early warning system assessment 
Detect 
In the post-implementation phase, it was evident that the Meditech-6 had become 
normalised and the addition of more mobile computers helped to obviate some of the 
challenges nurses had experienced with timely data entry.  In addition, the ‘SEPSIS 6 
pathway ’was in routine use.  Although there has been a loss of some senior 
experienced members of the team; all nursing staff had received training on 
PEWS/SEPSIS 6, and all senior nursing staff had received APLS training. 
More recently qualified nurses who had joined the ward appeared to value the PTTT 
score. 
The new cardiac-specific escalation policy was in use.  This document provided staff 
with clear details on when to escalate (according to PTTT score and key vital signs).  
The policy formalised the coordinator’s level of seniority and responsibility within the 
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escalation pathway, and the specific care requirements and typical vital signs 
observations of cardiac patients.  Laminated, printed copies were positioned at each of 
the Nurses ’Stations, and electronic copies were available on the Trust’s intranet. 
Plan 
The main mechanisms for reviewing and planning for action remained the same, but 
situational awareness across the nursing team had been improved through introduction 
of the safety huddle.  
Some of the challenges with the ward round remained; some ward rounds continued to 
be conducted away from the patient bedside and thus excluded nursing staff and 
families.  Coordinators were still allocated their own patient caseload, and frequently 
‘pulled away ’from the morning ward round due to multiple competing demands.  
The out of hours working SOP was designed to address issues with the organisation of 
doctors work but had minimal impact on the ward system since the cardiac ward had 
historically received a high level of out-of-hours medical cover.  It was reported that 
cardiology team members could be more difficult to reach during the night if rostered to 
provide hospital-wide cover. 
Although the timing and frequency of the evening board round remained variable, 
senior nurses reported they are able to attend in the majority of instances, and the 
electronic board utilised during the meeting was more frequently updated, but rarely 
used at any other time.   
Act 
Consistent Band 6 cover, coupled with the new ward-specific escalation policy - which 
clearly states that the nurse in charge may escalate directly to registrar or consultant, 
without having to ‘go through ’the junior medical team - provides a clear, formalised 
mechanism for effectively communicating concerns across professional boundaries: 
roles and responsibilities are better understood. 
All senior nursing staff had received APLS training, which included responding to 
deterioration.  
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Summary 
Three of the five PUMA initiatives were successfully developed and implemented during 
the PUMA implementation phase.  The out-of-hours SOP for on-call medical teams and 
the training of clinical staff became embedded throughout the organisation.  The 
Monthly Critical Deterioration Review meeting was implemented but did not become 
embedded, and the Family Engagement Tool and SOP for improving ward rounds did 
not progress beyond the planning stage.  Beyond the formal PUMA initiatives, there 
were extensive changes to the paediatric early warning system during the lifetime of the 
study.  Organisational level initiatives, many of which were in response to the CQC 
report included: the introduction of a lower trigger PTTT threshold and a specific 
SEPSIS 6 pathway, the appointment of specialist sepsis nurses, APLS training for Band 6 
nurses and the development of a SOP to define and clarify shift coordinator roles.  In 
addition, a number of ward level initiatives were implemented and embedded, notably 
the introduction of a safety huddle which improved the situation awareness of the ward 
nurses and support staff, a ward-specific escalation plan and a communication check-
list for HDU and PICU transfers.  Appendix 26, Table 50 shows a summary of post 
implementation system strengths and weaknesses identified by the PUMA team 
mapped against the PUMA Standard. 
Wider impact of PUMA  
There was evidence of a continued interest in adopting the PUMA approach to provide a 
structure for continuous review of the paediatric early warning system on the cardiac 
and one other ward, as well as evidence of a systems-approach to improving detecting 
and acting on deterioration on the part of the cardiac ward and improvement team. 
Quantitative analysis 
Monthly aggregate level data was collected at a whole hospital level in Alder Hey, 
between May 2015 and October 2018.  Across all paediatric in-patient wards, patient 
bed-days averaged 6,316 per month. 
Further details on the approach to analysis of the data are described in Chapter 2.  
Appendix 10 shows the full statistical report for this site - including a series of 
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exploratory (Figure 28, Table 27) and sensitivity analyses (Table 28) performed on the 
primary outcome. 
Primary outcome 
Figure 9 shows fitted lines for pre-intervention, implementation and post-intervention 
rates of adverse events, per 1,000 patient bed-days.  For all figures, solid red lines 
represent observed fitted trend lines, dotted red lines represent projected trends based 
on a continuation of pre-intervention trajectory, and dotted green lines represent 95% 
CI around the observed fitted trend lines. 
 
Figure 9: Alder Hey scatter plot with fitted line from segmented linear regression 
 
 
 
Table 9: Estimates from segmented linear regression for adverse events in Alder Hey 
Outcome 
Estimate, ß 
(95% CI) 
P Value Interpretation 
Adverse events    
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  Intercept 3.08 (2.93, 3.24) <0.00001  
 Pre-intervention 
trend 
0.02 (0.00, 0.03) 
0.04 
Adverse events were very 
gradually but significantly 
increasing during this period.  
Given the low overall rates the 
clinical impact of this increase 
is difficult to determine. 
 Change in slope 
(implementation 
period vs. pre-
intervention 
period) 
0.03 (-0.03, 0.09) 
0.29 
There was a trend towards an 
increasing rate of adverse 
events (against the expected 
trend) but this was not 
significant.  The wide 
confidence intervals mean the 
trend could have been in either 
direction should a greater 
sample size have been 
available. 
 Immediate change 
in level 
(implementation 
period vs. pre-
intervention 
period) 
0.15 (-0.34, 0.64) 0.55 
 
 Change in slope 
(post-intervention 
period vs. 
implementation 
period) 
-0.09 (-0.15, -
0.05) 
<0.001 
Adverse event rates decreased 
by nearly 10% in this period, 
compared to the 
implementation period, which 
was statistically significant. 
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 Immediate change 
in level (post-
intervention 
period vs. 
implementation 
period) 
-0.43 (-1.03, 
0.17) 
0.16 
 
 
The overall rate of adverse events per 1,000 patient-bed days was 3.15 in the pre-
intervention period, 4.08 in the implementation phase and 3.29 in the post-intervention 
phase. 
Table 9 presents estimates from segmented linear regression for adverse events, 
including an interpretation of key findings.  In the pre-intervention period, Alder Hey 
showed a slight upward trajectory in rates of adverse events over time (ß=0.02, CI: 0.00, 
0.03).  During the implementation phase, the observed rate of adverse events trended 
further upwards (ß =0.03, CI: -0.03, 0.09), but with no significant difference from the 
projected pre-intervention trend (p=0.29).  However, during the post-intervention 
period, there was a downward trajectory to the trend in adverse outcomes (ß =-0.09, 
CI:-0.15, -0.09), which was significantly different to the projected implementation trend 
(p<0.001). 
Secondary outcomes 
Figure 10 shows fitted trends (or raw data, where fitted trends were not possible) for 
individual secondary outcome rates across the three time periods, per 1,000 patient 
bed-days.  Table 10 presents estimates from segmented linear regression for secondary 
outcomes, including an interpretation of key findings.  
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Figure 10: Alder Hey scatter plot with fitted line from segmented linear regression for 
secondary outcomes 
Figure 10 (A): All-cause mortality Figure 10 (B): Cardiac arrests 
  
Figure 10 (C): Respiratory arrests Figure 10 (D): Unplanned transfers to PICU 
  
Figure 10 (E): Unplanned transfers to HDU Figure 10 (F): PICU staff reviews 
  
 132 
 
Figure 10 (G): Other medical emergencies  
 
 
 
Table 10: Estimates from segmented linear regression for secondary outcomes in Alder 
Hey 
Outcome 
Estimate 
(95% CI) 
P Value Interpretation 
All-cause mortality    
 Intercept 0.85 (0.64, 1.07)   
 
Pre-intervention trend 0.02 (0.00, 0.04) 0.15 
There was very gradual, 
non significant trend 
towards increasing all-
cause mortality but this 
could be natural variation 
as opposed to a specific 
cause.  
 Change in slope 
(implementation phase 
vs pre-intervention 
-0.01 (-0.05. 
0.03) 
0.68 
The pre-implementation 
phase was not 
significantly different from 
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phase) the implementation phase.  
 Immediate change in 
level (implementation 
period vs. pre-
intervention period) 
-0.22 (-0.58, 
0.13) 
0.22 
 
 
Change in slope (post-
intervention phase vs 
implementation phase) 
-0.03 (-0.09, 
0.02) 
0.20 
There was a gradual non-
significant trend toward a 
reduction in all-cause 
mortality.  
 Immediate change in 
level (post-intervention 
period vs. 
implementation period) 
-0.18 (-0.57, 
0.21) 
0.21 
 
Respiratory arrests    
 
Intercept 
0.51 ( 0.08, 
0.94)  
 
 
Pre-intervention trend 0.06 (0.02. 0.10) <0.01 
Respiratory arrest rates 
significantly increased 
during the pre-
intervention period. 
 Change in slope 
(implementation phase 
vs pre-intervention 
phase) 
-0.12 (-0.21, -
0.03) 
0.01 
There was a significant 
reduction in the 
respiratory arrest rate 
during the 
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implementation phase. 
 Immediate change in 
level (implementation 
period vs. pre-
intervention period) 
-0.09 (-0.82, 
0.64) 0.81 
 
 
Change in slope (post-
intervention phase vs 
implementation phase) 
-0.01 (-0.11, 
0.10) 
0.92 
The direction of the trend 
was similar to the 
implementation phase, so 
no significant difference in 
slope was observed. 
 Immediate change in 
level (post-intervention 
period vs. 
implementation period) 
0.75 (0.03, 1.48) 0.04 
 
Unplanned PICU transfers    
 
Intercept 1.72 (1.26, 2.17)  
The slope matches the 
trend during the pre-
intervention period but 
the confidence intervals 
don’t support this being a 
statistically significant 
change.  
 
Pre-intervention trend 
-0.02 (-0.07, 
0.02) 
0.31 
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Change in slope 
(implementation phase 
vs pre-intervention 
phase) 
0.03 (-0.07, 
0.13) 
0.55 
This trend did not persist 
during the 
implementation period, 
but the change in slope 
was not significant.  
 Immediate change in 
level (implementation 
period vs. pre-
intervention period) 
0.50 (-0.34, 
1.34)  
0.25 
 
 
Change in slope (post-
intervention phase vs 
implementation phase) 
-0.05 (-0.17, 
0.06) 
0.38 
The trend was towards an 
on going reduction in 
unplanned transfers 
during pre-intervention 
but the data is not 
significant. 
 Immediate change in 
level (post-intervention 
period vs. 
implementation period) 
 0.29 (-0.61, 
1.20) 
0.53 
 
Unplanned HDU transfers    
 Intercept 1.55 (1.04, 2.07)  While the projected trend 
of HDU transfers was 
essentially level, 
deviations from this are 
difficult to evaluate due to 
very wide confidence 
intervals and the fact the 
 
Pre-intervention trend 
-0.01 (-0.05, 
0.04) 
0.80 
 Change in slope 
(implementation phase 
vs pre-intervention 
-0.06 (-0.16, 
0.05) 
0.27 
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phase) overall rate of HDU 
transfers increased in the 
post-intervention phase 
compared to the pre-
intervention phase.  
 Immediate change in 
level (implementation 
period vs. pre-
intervention period) 
1.36 (0.50, 2.23) 0.01 
 Change in slope (post-
intervention phase vs 
implementation phase) 
-0.01 (-0.14, 
0.12) 
0.91 
 Immediate change in 
level (post-intervention 
period vs. 
implementation period) 
0.57 (-0.29, 
1.43) 
0.19 
PICU reviews    
 Intercept 0.47 (0.32, 0.61)   
 
Pre-intervention trend 0.06 (0.04, 0.07) <0.0001 
PICU reviews significantly 
increased during the pre-
intervention period  
 Change in slope 
(implementation phase 
vs pre-intervention 
phase) 
-0.05 (-0.08, -
0.03) 
<0.001 
This rate of increase was 
reversed during the 
implementation phase and 
was highly significant.  
 Immediate change in 
level (implementation 
period vs. pre-
0.08 (-0.20, 
0.36) 
0.58 
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intervention period) 
 
Change in slope (post-
intervention phase vs 
implementation phase) 
-0.03 (-0.07, 
0.00) 
0.08 
This downward trend 
continued in the post 
implementation phase but 
did not reach significance. 
 Immediate change in 
level (post-intervention 
period vs. 
implementation period) 
-0.23 (-0.59, 
0.14) 
0.23 
 
 
Mortality 
The overall all-cause mortality rate was 0.98 per 1,000 patient bed-days in the pre-
intervention period, 0.96 in the implementation phase and 0.61 in the post-intervention 
phase.  Mortality rates trended slightly upwards in the pre-intervention period, but not 
significantly (ß =0.02, CI: 0.00, 0.04, p=0.15).  The trend in mortality rates flattened out 
during the implementation phase, representing a slight decrease relative to the pre-
intervention trend (ß =-0.01, CI: -0.05, 0.03, p =0.68), and then trended downwards in 
the post-intervention phase (ß = -0.03, CI: -0.09, 0.02, p =0.20) (Figure 10A). 
Arrests 
The overall cardiac arrest rate was 0.32 per 1,000 patient bed-days in the pre-
intervention period, 0.23 in the implementation period and 0.10 in the post-
intervention period.  Due to a low rate of occurrence, it was not possible to model 
trends in cardiac arrests over the different time periods (Figure 10B). 
The overall respiratory arrest rate was 1.06 per 1,000 patient bed-days in the pre-
intervention period, 1.19 in the implementation period and 0.99 in the post-
intervention period.  Rates of respiratory arrests trended significantly upwards in the 
pre-intervention period (ß =0.06, CI: 0.02, 0.10; p<0.01).  This trend reversed in the 
implementation period, representing a significant downward shift in the rate of 
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respiratory arrests compared to post-intervention trajectory (ß = -0.12, CI: -0.21, -0.03; 
p=0.01).  The rate of arrests continued to trend downwards in the post-intervention 
phase but with no significant change in the slope compared to the implementation 
phase (ß= -0.01, CI: -0.11, 0.10; p=0.92) (Figure 10C). 
Unplanned transfers 
The overall rate of unplanned transfers from in-patient wards to PICU during the pre-
intervention period was 1.50 per 1,000 patient bed-days, compared to 1.99 for the 
implementation period and 1.87 for the post-intervention period.  The equivalent 
overall rates for HDU transfers were 1.51 for the pre-intervention period, 2.41 for the 
implementation period and 2.17 for the post-intervention period. 
In the pre-intervention period, there was a slight downward trend in both PICU transfer 
rates (ß =-0.02, CI: -0.07, 0.02; p-value=0.31) and HDU transfer rates (ß =-0.01, CI: -0.05, 
0.04; p=0.80).  PICU transfer rates trended upwards in the implementation period (ß = 
0.03, CI: -0.07, 0.13), then downwards in the post-intervention period (ß = -0.05, CI: -
0.17, 0.06; p=0.38).  For HDU transfers, there was a non-significant downward trend in 
the implementation period (ß =-0.06, CI: -0.16, 0.05; p=0.27), which continued on a 
similar trajectory in the post-intervention period (ß =-0.01, CI: -0.14, 0.12, p=0.91). 
(Figures 10D and 10E). 
PICU reviews 
The overall rate of PICU reviews during the pre-intervention period was 0.96 per 1,000 
patient bed-days, compared to 1.66 for the implementation period and 1.30 for the 
post-intervention period.  The rate of PICU reviews trended significantly upwards in the 
pre-intervention period (ß =0.06, CI: 0.04, 0.07, p<0.00001), before a significant 
downward trend in the implementation phase (ß = -0.05, CI: -0.08, -0.03, p<0.00001).  
There was a further downward trend in PICU reviews in the post-intervention period, 
but the change in slope between post-intervention and implementation was not 
significant (ß = -0.03, CI: -0.07, 0.00; p=0.08) (Figure 10F). 
Other medical emergencies 
The overall rate other medical emergencies during the pre-intervention period was 0.13 
per 1,000 patient bed-days, compared to 0.08 for the implementation period and 0.14 
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for the post-intervention period.  Due to a low rate of occurrence, it was not possible to 
model trends in other medical emergencies over the different time periods (Figure 10G).  
Synthesis 
In this final section we consider how some of the clearer quantitative findings relate to 
qualitative observations.  Assessing the impact of the intervention on quantitative 
outcomes was challenging and so interpreting the quantitative outcomes in relation to 
the ethnographic observations should be treated with caution. 
Alder Hey implemented multiple organisational level changes over the lifetime of the 
study, mandated in response to a critical CQC report.  During the implementation 
period, the ITS analysis showed a short-term increase in the composite measure of 
adverse events, driven largely by increasing rates of HDU and PICU transfers.  These 
coincided with local changes to PTTT escalation thresholds, which lowered the scoring 
threshold at which children had to be reviewed by a senior medical staff.  Over time, as 
further mandated changes were implemented, the adverse event rate markedly 
decreased in the post-intervention period, including decreasing rates of all-cause 
mortality and respiratory arrests.  While many of the changes implemented in Alder 
Hey were not formally identified as PUMA initiatives, they were in alignment with the 
areas of improvement identified in the site’s initial System Assessment and show how 
mandated organisational level system change can have a positive impact. 
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Chapter 6: Case Study 2 – Arrowe Park 
Hospital 
Pre-implementation phase 
Paediatric early warning system in context 
The hospital 
Case Study 2 was undertaken at Arrowe Park, a medium-large DGH teaching hospital in 
the North West of England.  Children’s services comprised of one ward and a PAU.  
There is no PICU but links with a tertiary children’s hospital to refer children with high 
acuity and/or complex needs.  
The ward 
The ward case study focused on the 32-bedded children’s ward, comprising 16 
individual rooms and three 4-bedded bays, two HDU beds and an emergency room.  
See Supplementary Material 6: Arrowe Park Case Study Ward Layout for details. 
The ward cared for children with a wide range of conditions; children with breathing 
difficulties, those living with long term complex conditions, children with feeding 
problems associated with being premature neonate, elective/day surgery cases and 
children and young people experiencing a mental health crisis.  
Staffing  
The ward team included a Ward Manager and Deputy, qualified nurses (27 Band 5 
and five Band 6), 3 HCAs and a play specialist.  Student nurses had placements on 
the ward.  Nurses and HCAs worked 12-hour shifts (7.30am-7.30pm).  A small 
number of staff worked 7.30am-2.30pm.  The Ward Manager and Deputy worked 
office hours.  External agency staff were used on occasion.  
Nurses worked in one of three ward sections with patients allocated to ensure 
continuity of care.  There was a designated Nurse-in-Charge for the shift, who carried 
a caseload.  HCAs were allocated patients, but worked under the supervision of a 
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registered nurse.  Children admitted to HDU had one-to-one nursing care.  Not all 
nurses were HDU-trained, so HDU admissions impacted on nursing work on the 
ward.  
The medical team comprised of consultants, registrars, SHOs and ANPs.  Junior doctors 
rotated between specialities every six months.  The medical team provided weekday 
and weekend cover, spanning a variety of shifts.  Day cover from 9am-5pm included: 2-
4 SHOs, two registrars and one consultant.  From 5am-9pm, one SHO and one registrar 
would provide cover, with one consultant working until 7pm in the summer and 
8.30pm in the winter.  A SHO, registrar and an on-call consultant provided night shift 
cover, with a second SHO working until 11pm.  On the weekend during the day there 
were two SHOs and one registrar, with the consultant staying until 3pm.  Weekend 
night shift cover mirrors that during the week, except there was no SHO overlap and the 
consultant was on call from 3pm.  Some children were cared for by adult specialist and 
surgical teams located in the main hospital. 
Routines 
Nursing handover was at 7.30am and 7.30pm.  
The medical team worked on both the ward and the PAU.  Morning handover took place 
on the ward at 9am.  The evening handover took place in the PAU at 9pm.  
The ward round followed the morning handover at 9.30am. 
Family involvement 
Involving families was central to patient care.  Parents were encouraged to stay with 
their child and the single-occupancy rooms were designed to accommodate a parent 
or carer overnight. 
Paediatric early warning system assessment 
Detect 
A PTTT was used on the ward and PAU (Supplementary Material 7: PTTT Observation 
Chart, Arrowe Park).  This was an adaption of the Brighton PEWS.  In the pre-
implementation phase, this was paper-based system laid out in a 4-page A4 booklet, 
which included instructions on escalation, parameters to be monitored (Supplementary 
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Material 8: Monitoring Guidance Included within the Arrowe Park PTTT) and space for 
medical staff to determine the frequency of observations.  Vital signs were recorded on 
the chart, which showed trends and included a traffic light system indicating the 
significance of observations.  
There were five versions of the chart reflecting aged-based parameters.  An 
observations policy was in place, which required nurses to generate a score at every 
observation, adhering to the following monitoring guidelines.  
Doctors were responsible for setting observation frequency on admission.  This 
rarely happened, however, and was usually determined by nurses based on their 
assessment of the child and family concern.  HCAs and junior nurses, sought direction 
from more experienced staff in determining observation frequency.  Within the ward 
team, roles and responsibilities in relation to monitoring were well understood and 
work allocated to ensure the nurse had the appropriate monitoring skills. 
Monitoring was conducted manually and equipment was available when required.  A 
couple of rooms had continuous monitoring facilities, and were reserved for the sickest 
children.  Readings could not be reviewed remotely, however, but baby monitors linked 
to the nurses ’station were routinely used.  The large number of individual cubicles 
made routine surveillance of children difficult and there was a degree of dependence on 
parents to summon help. 
Monitoring and recording largely took place concurrently, with vital signs documented 
on the chart at the bedside.  The ward was preparing to implement a new electronic 
monitoring system and staff were required to record observations on the paper chart 
and the electronic system in order to familiarise themselves with the system.  A lack of 
available computers made this difficult, however, and while some HCAs were observed 
adding information, nursing staff considered this to be unnecessary duplication. 
Nursing and medical handovers were the main mechanisms for sharing information 
about prior risk factors that might increase a child’s risk of deterioration.  Knowing an 
individual patient was highly valued by nurses and pattern recognition was often used 
by more experienced staff to question an elevated score.  Nurses were extremely 
supportive of one another with frequent sense checking about normal parameters, 
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providing learning opportunities for more junior staff.  In addition, staff engaged with 
parents to establish their child's normal baseline, both on admission, but also 
subsequently during patient examinations and ward rounds.  Indeed, nurses relied on 
parents staying overnight to monitor the patient.  While parents were not provided with 
formal instructions on how to raise concerns, nurses involved them in monitoring 
activity and encouraged them to alert staff if worried.  Parents reported that they felt 
able to alert staff by asking them directly when they had minor concerns about their 
child, which was facilitated by the high visibility of staff on the ward and understanding 
that buzzers could be used.  
Plan 
The principle mechanisms for reviewing children’s status and identifying children of 
concern were the nursing and medical handovers and the ward round.  
Nursing handover followed a narrative format to provide a comprehensive picture of 
the patient; salient details were recorded on a blank handover sheet.  The nursing 
handover was divided into the two sections of the ward and the nurses had an overview 
of all patients in their section, but not the ward as a whole.  As both handovers took 
place at the same time, the Nurse-in-Charge attended handover for one section and then 
received a second ‘mini-handover ’from the senior nurse at the other end of the ward.  
The purpose was to share information in order to develop a ward overview.  
Doctor’s handover was attended by all doctors on that shift, ANPs and where possible 
the Nurse-in-Charge.  The registrar from the previous shift handed over patients to the 
oncoming team, focusing on patients of most concern, and highlighting ‘to do lists ’for 
the upcoming shift.  A printed handover sheet was distributed which contained 
information on the patient’s diagnosis, treatment plans and outstanding jobs 
(Supplementary Material 9: Doctors' Handover Sheet, Arrowe Park).  The doctors’ 
handover covered all general medical patients on the ward, but excluded children under 
the care of a specialty or surgical team, who were managed by the relevant adult team. 
The ward round followed handover; the registrar and the consultant divided patients 
between them accompanied by the junior doctors and ANPs.  Sickest children were seen 
first, although sometimes discharges could take priority.  The consultant and registrar 
led discussions with parents/family members (and children with capacity).  The nurse 
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looking after the patient was usually present during the ward round and communicated 
with the medical team directly, often acting as an advocate for the parent or reminding 
them of conversations that they might have had earlier.  This was not always possible, 
however, particularly if the nurse was busy with another patient.  In these instances, it 
was usual for doctors to find the relevant nurse to update them on any decisions made.  
Beyond formal handovers and the daily ward round, information on patients was 
routinely relayed throughout the day.  Doctors were involved in these conversations 
when on ward during the morning; the majority of doctors moved to PAU during the 
afternoon and evening, and these conversations were less frequent. 
The Nurse-in-Charge and the Ward Manager maintained an overview of ward activity – 
new admissions, changing patient acuity - and considered the implications for staff 
organisation.  These were on-going conversations throughout the shift, but were 
focused on their capacity to cope with the workload after a patient had deteriorated 
rather than proactively planning for the managing of at risk patients.  
There was also a mechanism called ‘the block’, a folder containing information on 
staffing levels and patient acuity.  The block was supposed to be completed by the 
senior nursing staff to proactively manage capacity.  However, it was not used 
systematically and was primarily completed at the end of the shift to document, rather 
than manage activity.  
Act 
There was a graded escalation policy, linked to the severity of the score, and outlined on 
the PTTT chart.  Staff had a good understanding of who to contact without having to 
refer to the chart itself.  Whilst the score was the formal trigger for action, a decision 
about whether to escalate depended upon who was calculating the score and how they 
defined the level of risk.  Elevated scores were routinely not acted upon by more 
experienced nurses, who justified their decision making in the light of professional 
judgement.  HCAs by contrast were far more likely to adhere to the escalation policy.  In 
addition, although staff concern was not included in the score, the chart encouraged 
staff to raise concerns and all expressed their confidence in doing this:  
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This tool is intended to augment clinical judgement and NOT replace it.  If you 
are worried about any child please escalate your concerns.  
All ward staff appeared comfortable communicating with doctors whenever they had a 
concern about a patient, with or without an elevated score.  Nursing staff clearly 
asserted that professional hierarchies did not prevent them from expressing concerns 
to the relevant staff, but they did encounter challenges in getting medical staff to act on 
their concerns.  There was also difficulty reported around escalating care for non-
general paediatric patients, again particularly for junior staff unfamiliar with 
procedures.   
During the admission process, parents were encouraged to raise concerns, and were 
instructed to use the bedside buzzers or come to the Nurses ’Station if they required 
anything.  Parents reported that they felt able to alert staff by asking them directly when 
they had concerns about their child, which was facilitated by the high visibility of staff 
on the ward.  No written instructions on raising concerns or escalating care were 
provided, however, and some parents reported having been too worried on admission 
to process the guidance given by nursing staff.   
Usual practice following a critical event or death would be to debrief and then discuss it 
during the weekly care improvement meeting which focussed upon potential learning 
from key events of the week, for instance incorrect medication given.  See Appendix 27, 
Table 51 for a summary of the pre-implementation system strengths and weaknesses 
identified by the PUMA team. 
 
Implementation Phase 
Process 
The improvement team at Arrowe Park comprised the medical PI, Ward Manager and 
two ANPs.  The improvement process was launched in November 2016 at the grand 
round.  The SSAT and FFT were completed on the children’s ward and the results 
(Figure 11) used to identify areas for improvement. 
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Figure 11: Arrowe Park system assessment radar diagram 
 
The team focused on the three elements of the wheel they found to be the weakest – the 
involvement of families in detect, reviewing information and planning; and escalation 
and response processes – using the process to develop a deeper understanding of these 
system weakness.  Appendix 28, Table 52 shows a summary of pre-implementation 
system strengths and weaknesses identified by the improvement team.  The 
implementation strategy did not entail an explicit branding of the initiatives as linked to 
the PUMA study.  Figure 12 shows the timeline for the implementation of each initiative. 
 
Context 
Thresholds for HDU admissions changed at the start of the study in September 2015 to 
focus on the needs of the individual patient rather than the treatment plan.  In practice, 
this meant that patients who would have previously been admitted to HDU were cared 
for on the ward. 
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Figure 12: Arrow Park implementation process timeline 
 
 
Initiatives 
Four PUMA initiatives were identified (see Appendix 29, Table 53):  
1. Nurse education 
2. Introduction of second daily huddle 
3. Introduction of SHINE leaflet and poster 
4. Joint handover sheet, using SBAR 
In addition, a number of other system improvements were introduced into the study 
site during the implementation phase.  This section examines the implementation of all 
system changes. 
PUMA initiatives 
Nurse education  
This initiative was intended to address the lack of a structured approach to professional 
development.  Led by the Ward Manager with assistance from two ANPs, a programme 
was developed on a range of subjects from raising concerns and escalation to asthma, 
tracheostomy and emergency management.  A regular weekly time-slot was established 
for a period of ten weeks over the summer of 2017 and the Ward Manager made 
provision for staff who attended on days off to claim back their time.  While all staff 
valued the opportunity for training, attendance was challenging, however, either 
because of the busyness of the ward or the constraints of individual’s outside 
commitments.  Enthusiastic staff attended the programme whereas others with greater 
training needs were less inclined to attend.  In the light of their experience, the team 
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proposed organising an annual study day and on-line resources, with nurses expected 
and rostered to attend the day.  
Afternoon huddle  
The afternoon huddle was designed to improve planning for risk when there was 
reduced communication between nursing and doctors because the latter group were 
PAU-based.  The afternoon huddle was organised to take place in the PAU and was 
limited to doctors and the Nurse-in-Charge.  The initiative failed to get off the ground 
however, largely because the Nurse-in-Charge (who carried a caseload) was unable to 
leave the ward.  
ANP: If you were in charge you couldn’t get off the ward so. 
Whilst a formal huddle was possible, an awareness of the need to increase 
communication between the ward and PAU did become embedded in practice.  
Increased telephone contact between the two areas was evident, with ‘check ins ’
happening frequently.   
Senior Nurse: It is getting better and the Nurse-in-Charge will go if they are not 
busy.  But even if they don’t, they will phone down to the Assessment Unit to let 
them know what is going on.  […] they are getting better at letting each other know 
what their situation is like. 
 
In addition, the two areas had been brought together through the rotation of Band 6 
nurses working on the PAU.  
Modified SHINE leaflet and poster 
The SHINE leaflet and poster (Supplementary Material 10: Modified SHINE Poster, 
Arrowe Park) was a structured parental communication bundle developed by 
Birmingham Children’s Hospital which aimed to address the lack of formal processes 
for encouraging families to express concerns.  The intervention, which was adapted for 
local use, included:  
• Leaflet for parents and carers which included a diagram to help recognise and 
describe changes in their child, what to do if concerned 
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• Tips on how have an effective conversation with staff 
• ‘Planning Care Together’ form for parents and staff to share, discuss and document 
parental concerns to be signed by the nurse looking after the patient. 
An ANP working on the ward was charged with implementing the communication 
bundle, but questioned its legitimacy.  They had had no prior involvement in PUMA and 
had not been informed of the purpose of the intervention.  Unsurprisingly, there was 
little evidence of the tool becoming embedded in practice.  We found no evidence of 
posters on the ward and subsequent interviews with staff confirmed a lack of 
enthusiasm for the initiative.  First, nurses could not differentiate the SHINE 
communication tool from their normal practice: 
Nurse: I think you verbally do it all the time anyway.  So you constantly say if 
there’s a problem will you let me know and you just know that they’ll come to 
you anyway. 
Second, staff considered that families already effectively raised their concerns.  Third, 
there was a lot of resistance to the idea of drawing up a plan with parents.  Staff 
regarded the task as time-consuming and ‘setting them up to fail ’as it committed staff 
to actions within timescales they knew they would not always be able to meet because 
of the unpredictability of the workflow.  Fourth, the necessity for the tool posed a threat 
to nurses ’professional identities.  Nurses considered that communication with families 
was a key element of their role.  The introduction of the SHINE tool implied that they 
were not carrying out this crucial element of their work.  
The SHINE tool was never implemented, but the Ward Manager argued that the 
challenge still needed to be addressed ‘I am sure that we all think we are great nurses 
and great communicators, but we need a minimum standard in place, we don’t all 
communicate exactly the same way with all people’. 
Joint handover sheet 
The joint handover sheet was intended to address the different and separate handovers 
between doctors and nurses.  It was considered useful to combine information on 
patients to be passed on from day to night staff.  However, this proved too difficult to 
implement because doctors and nurses had different information requirements.  
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Some changes were made to each of the handover sheets.  Doctors’ handover sheet was 
changed to include all patients, not just the medical paediatric patients they are 
responsible for.  The nurses’ handover sheet was changed from an unstructured sheet 
to the SBAR format, which was already used to handover patients from PAU to the ward 
(Supplementary Material 11: SBAR Nursing Handover Sheet, Arrowe Park).  Whilst nurses 
did report difficulty in initially getting used to the change in format, they largely 
accepted the reasons why it was being implemented and could see the benefits from 
previous ways of working. 
Nurse: You tend to go off your, like a story as in like, oh, and it go, like an SBAR is 
probably a better way to do it if you can stay focused  […] it has more of […] a 
structure.  
There were different iterations of the sheet, which was modified in the light of 
experience of its use in practice.  However, the narrative communication format is 
deeply embedded in nursing practice,208 and three weeks after its introduction there 
was some evidence of nurses reverting to an unstructured format.  Furthermore, SBAR 
was designed to support focused communication in acute situations and unsurprisingly 
some nurses questioned how appropriate the format was patients with long-term 
conditions.  
Non-PUMA initiatives 
Two changes were introduced during the implementation phase, the planning for which 
pre-dated PUMA.  This included the introduction of a safety huddle and the roll out of an 
electronic recording and scoring system. 
Safety huddle 
The Ward Manager as a result of the ward’s involvement in the RCPCH’s S.A.F.E. 
Programme implemented a safety huddle.  The framework aimed to improve situation 
awareness in recognising and responding to children at risk of deterioration.  
The safety huddle took place at 9am, after the nursing handover but before the doctor’s 
handover.  It was attended by all grades of staff - from domestic staff to consultants - 
with the objective of communicating which patients had the potential to deteriorate, 
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categorised as ‘watchers’.  The huddle began by running through each patient and 
highlighting any concerns.  Safeguarding and safety issues were also relayed. 
Nurses and allied health workers saw the huddle as an improvement from previous 
ways of working, where information would be cascaded in an ad hoc manner.  Doctors 
were less positive.  The medical doctors could not see the value in receiving information 
on the surgical patients and because the huddle was before the doctor’s handover, they 
did not always know the patients.  Additionally, the huddle could delay the medical 
handover, which resulted night staff going home later.  The team responded to these 
difficulties by giving out the medical handover sheet at the start of the safety huddle so 
that everyone had a list of patients.  In addition, the value of night staff taking part in 
safety huddle came to be recognised.  One year after the safety huddle was established, 
it still took place routinely every morning.   
Consultant: It did seem very strange at first, it was quite a big change, it was 
something that was out of our previous experience.  But I think it has really 
embedded, I think we would feel strange if we didn’t do it now. 
Electronic early warning scoring system 
The implementation of the electronic early warning recording system was designed to 
replicate the paper chart familiar to staff.  Monitoring continued to be manual, but there 
was now a computerised system for inputting vital signs, as well as updating all notes, 
test results, medication and other information.  The electronic system automatically 
calculated the score for the patient. 
The implementation of the new system caused a number of problems for nurses.  First, 
staff expressed concern about the accuracy of the scores calculated by the system; 
which tended to score lower than the paper version.  These assumed incorrect scores 
created an additional step in nurses ’monitoring tasks, where they had to manually 
make a note of what the correct score should be.   
Senior Nurse: I haven’t got a lot of confidence […] that they’re adding the PEWS 
up correctly as that, the electronic versus the paper, I think the parameters might 
be different.  
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The new technology also disrupted nursing workflow, as there were often insufficient 
computers available to allow nurses to enter vital signs data, leading to a delay between 
monitoring and recording activity.   
Doctors did not report problems with the technology.  Indeed, the implementation of 
the electronic system enabled doctors to access patient data remotely, which was 
particularly useful when they were working off the ward.  For a summary of all 
initiatives please see Appendix 30, Table 54.  
Post-implementation phase 
Paediatric early warning system in context 
In addition to the (non-PUMA) modifications to the paediatric early warning system, 
Site 2 also experienced contextual changes, which were consequential for the 
functioning of the paediatric early warning system in the post-implementation period.  
The ward had an increase in Band 6 nurses, from 5 at the beginning of the pre-
implementation phase, to 12 at the end of the post-implementation phase.  Whilst 
regarded positively by senior staff, the benefits were less evident to staff on the ground, 
possibly because the Band 6s were fairly junior (having lost more senior Band 6s).  In 
addition, there was an increased reliance on agency staff, because the winter of 2017 
saw increased acuity for several months.  From April 2019, a nursing bank of trust staff 
was introduced, so the ward reduced its reliance upon external agencies.  See Arrowe 
Park Summary of all Embedded Paediatric Early Warning System Improvement Initiatives 
document for a summary of all embedded system improvements over the study. 
Paediatric early warning system assessment 
Detect 
There were major changes to the detection components of the paediatric early warning 
system in the post implementation phase as a result of the introduction of the electronic 
recording and scoring system.  When staff worked with the paper-based chart, it was 
straightforward to identify the vital signs that needed to be monitored for each patient.  
With the introduction of the electronic system this was more difficult and some more 
junior staff struggled to remember precisely what needed to be observed.  The new 
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electronic system required staff to manually select a patient’s chart, which often meant 
that the nurse would only be aware of the most recent vital sign, rather than the overall 
pattern, with the potential to impact negatively on nurses ’use of professional 
judgement.  
The electronic system had no impact on ensuring that doctors specified the frequency of 
observations as per the hospital policy.  In practice this was still undertaken by nurses.  
The electronic system also required manual input of vital signs data.  The requirement 
for nurses to manually input data and a general lack of availability of computers, 
particularly during busy times such as ward round resulted in batched data entry.  This 
would mean that the input of patient data into the system would be delayed, although 
everyone emphasised that if a patient was scoring they would escalate if needed.  Delays 
to data entry also created a risk of errors being introduced into the process. 
 
Senior Nurse: So often your first set of um of obs that you do when you come out 
of handover um sits in your pocket, um and sometimes a child could be seen by the 
doctor not knowing what the current PEWS are because they’re sat in your pocket.  
 
The loss of experienced nursing staff increased the need to support others. 
Senior Nurse: “Our problem is our skills set.  We have been losing seniors who 
have been replaced by juniors”.  
(Fieldnotes) 
Plan 
Nursing and medical handover and the ward round continued to be important 
mechanisms for identifying patients at risk and forward planning.  Changes to this 
process included the inclusion of all patients on the medical handover sheet.  Whilst 
these patients were not formally handed over, it gave doctors awareness of all children 
on the ward.  In addition, where concern had been expressed about a patient during the 
safety huddle, whether they were medical or under the care of adult specialist, the 
paediatric doctors would see the patient during their ward round.  
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The nursing handover sheet changed to follow an SBAR format.  Whilst largely accepted, 
this was dependent upon the individual nurse handing over and there was some drift 
towards a narrative format.  However, nursing handovers were reported as being 
quicker and more succinct than in the pre-implementation phase.  
An important change in the post implementation paediatric early warning system was 
the use of a morning safety huddle.  Attended by all staff groups, it allowed quick 
identification of children at risk of deterioration, alongside bed management, 
safeguarding concerns and key messages of the day.  For support staff, the huddle 
provided them the opportunity to obtain information that was not previously passed on 
to them.  It also gave nurses a snapshot of acuity levels at the ‘other end of the ward’, 
whereas previously they would only have an awareness of the status of children in the 
area that they were working in.  One effect of the introduction of the safety huddle was 
to change the language used to identify potentially at-risk patients, with use of the term 
‘watcher ’and ‘one to watch ’used more uniformly across all staff groups. 
The safety huddle, in conjunction with the changes to the handover sheet, also enabled 
doctors to be aware of all patients on the ward, whereas previously they would have 
only handed over the general medical patients.  
The introduction of the electronic scoring and recording system increased doctors ’
ability to review children’s vital signs at a distance from the ward.  There was also 
evidence of closer working between ward and PAU. 
Ward Manager: “It is getting better and the nurse in charge will go if they are 
not busy. But even if they, they will phone down to the Assessment Unit to let 
them know what is going on.  So I think that the safety huddle has had an impact 
on how the two teams communicate – they are getting better at letting each 
other know what their situation is like”. 
(Fieldnotes) 
 
The block was still used to review staffing, but this continued to be more to do with 
reporting what has happened, rather than a mechanism for actively managing the ward. 
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The Ward Manager or Deputy now attended the post ward round doctors ’meeting.  
This was largely in relation to bed management and patient flows. 
While the safety huddle had been embedded in practice, the Nurse-in-Charge was 
attending the medical handover less regularly than in the pre-implementation phase.  
Thus at the end of the study, while the wider team situational awareness of the ward as 
a whole was more comprehensive, the exchange of information between the Nurse-in-
Charge and doctors was less systematic than it was during the pre-implementation 
phase.  Doctors considered that nursing attendance at medical handover was important, 
indeed more important than the safety huddle; whereas the Nurse-in-Charge had to 
balance this with their other commitments on the ward. 
Act 
Since the introduction of the electronic monitoring system, the escalation pathway was 
less accessible than it had been in the paper-based system.  The significance of this 
change was compounded by the increased use of agency and new staff, who were 
unclear of the escalation procedure.  In such cases, the first point of call was invariably 
the Nurse-in-Charge, regardless of the concern.  Whilst the majority of nurses and HCAs 
made an effort to state that they would have no reservations in activating an alert to 
medical staff should a patient need it, there was some indication that the newer staff 
would speak to a senior nurse in the first instance 
Difficulties in escalating care for non-general paediatric patients, particularly for junior 
staff unfamiliar with procedures, remain unchanged in the post-implementation phase.  
There was also the suggestion that with doctors able to access children’s monitoring 
information remotely from the ward, they were less inclined to act on nurses ’concerns.   
Summary 
There were a number of intentional changes to the paediatric early warning system in 
Arrowe Park, some of which were formally included in the PUMA Programme and some 
not.  
Two planned initiatives pre-dating PUMA were successfully implemented.  The morning 
safety huddle had positive impacts on the overall situation awareness across the team, 
and while less enthusiastically embraced by doctors, became embedded in practice.  
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The new electronic recoding and scoring system improved access of medical staff to 
patient information, but has possibly made them less inclined to act on the nurses ’
concerns and professional judgements and impacted negatively on nursing workflows 
and pattern recognition.  
Few of the PUMA initiatives were embedded as planned: efforts to formalise 
engagement with parents through the implementation of the SHINE tool were not 
successful, but there was an expressed intent to develop more structured mechanisms 
in the future.  The nurse education initiative was abandoned because of challenges with 
attendance, but plans were in place to address this perceived need in a different way.  
The implementation of a second safety huddle was not possible because of the 
difficulties of the Nurse-in-Charge leaving the ward areas, but alternative mechanisms 
for strengthening communication and awareness between ward-based nurses and PAU-
based doctors were implemented.  Finally, the implementation of a joint medical-
nursing handover sheet was not realised, although both doctors and nurses made 
changes to their sheets; with nurses adopting the SBAR structured format which 
brought nurse communication more in line with the medical model and doctors 
including all children on the ward rather than just the medical patients.  
During the implementation period the ward also experienced a loss of experienced staff 
and new appointments, which increased uncertainty over escalation processes.  Please 
see Appendix 31, Table 55 for a summary of the embedded PUMA initiatives. 
As a result of these changes at the end of the study there had been changes to the plan 
functions aligned to the PUMA Standard, compared to the pre-implementation phase, a 
deterioration in detect functions and little change to functions related to act.  Appendix 
32, Table 56 shows post-implementation system strengths and weaknesses identified by 
the PUMA team. 
Wider impact of PUMA 
We were unable to detect any wider impacts of the PUMA Programme in the study site, 
however, the team continued to work on improvements in a number of the identified 
areas of system weakness. 
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Quantitative analysis 
Monthly aggregate level data was collected at a whole hospital level in Arrowe Park 
between May 2015 and October 2018.  Across all paediatric in-patient wards, patient 
bed-days averaged 330 per month. 
Further details on the approach to analysis of the data are described in Chapter 2.  
Appendix 10 shows a full statistical report for this site - including a series of exploratory 
(Table 29) and sensitivity analyses (Table 30) performed on the primary outcome.. 
Primary outcome 
For this site, adverse events were extremely rare.  For 10 of the 41 months that we 
recorded outcomes, there were zero adverse events recorded.  To reduce months with 
no events, we created two-month groupings (Figures 13 and 14) for the purpose of 
analysing trends.  This in turn reduced the number of time periods, and so we changed 
the number of time periods from three (pre-intervention, implementation, post-
intervention) to two (pre-intervention, post-intervention).  For the primary analysis, we 
chose to designate October 2016 onwards as the beginning of post-intervention (other 
cut off points were considered in the exploratory analyses discussed below). 
Figure 13: Arrowe Park adverse event 
rates (unadjusted) 
 
Figure 14: Arrowe Park adverse event 
rates (two-month groups) 
 
 
Figure 15 shows fitted trends for pre-intervention and post-intervention rates of 
adverse events, per 1,000 patient bed-days.  Solid red lines represent observed fitted 
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trend lines, dotted red lines represent projected trends based on a continuation of pre-
intervention trajectory, and dotted green lines represent 95% CI around the observed 
fitted trend lines. 
Figure 15: Arrowe Park scatter plot with fitted line from segmented linear regression for 
adverse events 
 
 
Table 11: Estimates from segmented linear regression for adverse events in Arrowe 
Park 
Outcome 
Estimate, ß 
(95% CI) 
P Value Interpretation 
Adverse events    
 Intercept 3.08 (2.93, 3.24)   
 
Pre-intervention trend 
-0.17 (-0.49, 
0.17) 
0.29 
There is a trend (non-
significant) for reducing 
events but the paucity of 
them occurring (in 
relation to raw numbers) 
makes it difficult to draw 
concrete conclusions. 
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 Change in slope 
(implementation period 
vs. pre-intervention 
period) 
0.02 (-0.30, 0.33) 0.98 
The trend does not 
appear to change but the 
confidence limits around 
this are large.  
 Immediate change in level 
(implementation period 
vs. pre-intervention 
period) 
0.29 (-1.74, 2.32) 0.78 
 
 
Table 11 summarises the ITS outcomes for adverse events, including an interpretation 
of key findings.  The overall rate of adverse events per 1,000 patient-bed days was 6.21 
in the pre-intervention period and 4.49 in the post-intervention phase.  In the pre-
intervention stage, there was a non-significant downward trend in adverse events (ß=-
0.17, CI: -0.49, 0.17; p=0.29).  The observed rate of adverse events continued to slope 
downward in the post-intervention period, with no significant difference in the slope of 
the trend compared to the pre-intervention trajectory (ß =0.02, CI: -0.30, 0.33; p=0.98). 
Secondary outcomes 
Figure 16 shows fitted trends (or raw data, where fitted trends were not possible) for 
individual secondary outcome rates across the three time periods, per 1,000 patient 
bed-days.  Table 12 presents estimates from segmented linear regression for secondary 
outcomes, including an interpretation of key findings.   
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Figure 16: Arrowe Park scatter plot with fitted line from segmented linear regression 
for secondary outcomes 
Figure 16 (A): All-cause mortality  Figure 16 (B): Cardiac arrests 
  
Figure 16 (C): Respiratory arrests Figure 16 (D): Unplanned transfers to PICU 
  
Figure 16 (E): Unplanned transfers to HDU Figure 16 (F): PICU staff reviews 
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Figure 16 (G): Other medical emergencies  
 
 
 
Table 12: Estimates from segmented linear regression for secondary outcomes in 
Arrowe Park 
Outcome 
Estimate, ß 
(95% CI) 
P Value Interpretation 
Unplanned HDU transfers    
 Intercept 5.72 (4.09, 7.35)   
 Pre-intervention trend -0.06 (-0.36, 
0.23) 
0.68 
HDU transfers probably 
did not consistently alter 
during the post-
intervention phase, when 
compared with the pre-
intervention trend.  
 Change in slope 
(implementation period 
vs. pre-intervention 
period) 
0.12 (-0.17, 0.41) 0.42 
 Immediate change in 
level (implementation 
period vs. pre-
intervention period) 
0.12 (-0.17, 0.41) 0.42 
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Mortality 
The overall all-cause mortality rate was 0.33 per 1,000 patient bed-days in the pre-
intervention period and 0.00 in the post-intervention period.  Due to a low rate of 
occurrence, it was not possible to model mortality trends over the different time 
periods (Figure 16A). 
Arrests 
The overall cardiac arrest rate was 0.00 per 1,000 patient bed-days in the pre-
intervention period and 0.25 in the post-intervention period.  The overall all-cause 
mortality rate was 0.16 per 1,000 patient bed-days in the pre-intervention period and 
0.00 in the post-intervention period.  Due to a low rate of occurrence, it was not possible 
to model trends in cardiac or respiratory arrests over the different time periods (Figure 
16B and 16C).  
Unplanned transfers 
The overall PICU transfer rate was 1.47 per 1,000 patient bed-days in the pre-
intervention period and 0.25 in the post-intervention period.  Due to a low rate of 
occurrence, it was not possible to model trends in PICU transfers over the different time 
periods (Figure 16D).  
The overall HDU transfer rate was 5.23 per 1,000 patient bed-days in the pre-
intervention period and 4.49 in the post-intervention period.  In the pre-intervention 
period, there was a non-significant downward trend in transfers (ß=-0.06, CI: -0.36, 
0.23; p=0.68), with a slight upward trend in HDU transfers in the post-intervention 
period (ß=0.12, CI: -0.17, 0.41).  There was no significant difference between the pre- 
and post-intervention slopes (p=0.42) (Figure 16E). 
PICU reviews 
The overall PICU review rate was 1.03 per 1,000 patient bed-days in the pre-
intervention period and 0.75 in the post-intervention period.  Due to a low rate of 
occurrence, it was not possible to model mortality trends over the different time 
periods (Figure 16F). 
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Other medical emergencies 
The overall rate of other medical emergencies was 0.49 per 1,000 patient bed-days in 
the pre-intervention period and 0.00 in the post-intervention period.  Due to a low rate 
of occurrence, it was not possible to model mortality trends over the different time 
periods (Figure 16G). 
Synthesis 
In this final section we consider how some of the clearer quantitative findings relate to 
qualitative observations.  Assessing the impact of the intervention on quantitative 
outcomes was challenging and so interpreting the quantitative outcomes in relation to 
the ethnographic observations should be treated with caution. 
Arrowe Park introduced a safety huddle and electronic recording and PTTT, which 
strengthened some aspects of the local system and weakened others.  From an ITS 
perspective, this was the smallest site with the lowest event rates.  Quantitatively, there 
was no obvious ‘interruption ’to the adverse event rate over time – it appeared to be 
gently declining during the pre-intervention phase and continued to do so over time 
(albeit again, with wide confidence intervals due to event rates and having to combine 
months to avoid zero values).  Very early on in the pre-intervention period, there was a 
change in the nurse lead for the children’s ward, with interviews and observational 
work suggesting that this member of staff was keen to reduce HDU transfers (the 
primary driver of ‘adverse events’ in this site) and instead manage some sicker children 
on the ward.  This may have been one contributory factor in the declining event rates 
over the study period. 
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Chapter 7: Case Study 3 – Noah’s Ark 
Children’s Hospital 
Pre-implementation phase 
Paediatric early warning system in context 
The hospital 
Case Study 3 was undertaken at the Noah's Ark Children's Hospital for Wales, a large 
tertiary (120 beds) service located in Cardiff.  The purpose-built facility, which opened 
in 2015, has five wards – general medical (x2), specialist cardiac/renal medical, 
surgical, oncology - an HDU and PICU. 
The ward 
The ward case study focused on a medical ward where children were cared for by 
general medical and specialist paediatric and adult consultants.  The ward comprised 18 
beds divided into two zones: ‘Turtle ’and ‘Lemur ’with a central Nurses ’Station.  The 
ward was a mixture of eleven single-occupancy rooms, 4 double bays, 1 four bedded bay 
and a family room.  See Supplementary Material 12: Noah’s Ark Case Study Ward Layout 
for the ward layout. 
Staffing 
Ward staff comprised a Ward Manager, two Deputies shared across the two medical 
wards, Band 6 nurses (4), Band 5 nurses (29), HCAs (5) and play specialists.  The ward 
also had student nurses on placement.  Staff turnover was high; many experienced staff 
had left for specialist roles, diluting the ward’s skill-mix.  There was widespread use of 
external agency staff.   
Nurses and HCAs worked 7am-7.30pm.  There were typically 5 registered nurses and an 
HCA on shift, but staff could be moved in response to changing demand in the hospital.  
There was a designated Nurse-in-Charge of the shift (typically a senior Band 6, although 
at night this could also be a Band 5) who also carried a caseload.  Nurses were allocated 
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patients from both sections of the ward.  More experienced HCAs were allocated 
patients, but all observations had to be supervised by a qualified nurse.  
The medical team covered the two general medical wards and worked 8am-8pm.  The 
8-person rota included 2 consultants, 2 registrars, and junior doctors (who rotated 6 
monthly), supported by ANPs who worked variable shift patterns.  Generally, doctors 
divided themselves between the two general medical wards, PAU and A&E.  General 
medical doctors were present on the ward immediately following ward round, with one 
SHO often based on the ward throughout the day.  The hospital worked with the 
Hospital at Night Model (209): two registrars and an SHO covered the general, specialty 
and surgical wards, and PAU and A&E, supported by an on-call consultant.   
The specialist teams included paediatric specialists (oncology/renal/cardiac) and adult 
specialist with paediatric training (e.g orthopaedics, ENT). 
Routines 
Nursing handover was at 7am and 7pm.  It commenced with a safety briefing led by the 
Nurse-in-Charge of the previous shift, followed by a walking handover of individual 
patients.  
The medical handover was at 8.30am and 8.30pm and followed the same format.  It was 
led by the outgoing registrar and attended by all doctors on the incoming shift. 
Information was shared on all medical patients in the hospital.  ANPs were present as 
part of the medical team.  No senior nurses attended the doctor’s handover.  Patients of 
concern were not systematically identified; handover would proceed in order of beds 
with any concerns being highlighted as the patient was discussed.  
The medical ward round was at approximately 9am.  
Many ward patients were under the care of specialist consultants; these were seen on 
the specialist ward rounds. 
Paediatric early warning system assessment 
Detect 
Monitoring core vital signs was integral to nurses’ work, although not all nurses were 
equally skilled in monitoring techniques.  The hospital’s observation policy specified 
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which observations should be conducted routinely and set a minimum frequency of four 
hourly unless otherwise indicated (Supplementary Material 13: Observation Chart, 
Noah’s Ark Children’s Hospital).  Policy was well understood by nurses who undertook a 
range of ‘additional assessments’: ‘eyeballing’ patients, touching patients to assess 
temperature and assessing tracheal tug (a proxy for increased effort of breathing).  
Nurses often increased the frequency of observations based on their assessments.  They 
also made professional judgments in deciding which vital signs to monitor, which may 
have been non-compliant with observation policy, but took into account wider 
considerations about the child’s care.  
Nurse: “He’s not too hot, so I won’t do his temperature now. The fact his heart 
rate is low and I’ve touched him and he’s not hot, we’ll just let him go into a 
deeper sleep and then do his temperature, because they don’t want to wake him 
up just for that.”  
(Fieldnotes) 
Nurses had a high level of awareness of conditions that required additional 
observations.  Patient categorisations such as  ‘bronch baby’, ‘premie ’and ‘ex-25 
weeker ’orientated staff to risk factors and additional observations required.  Beyond 
formal observations, nurses valued having oversight of patients, although the physical 
layout of the ward made this challenging.  
Nurse: “It is wonderful for the parents, the parent’s love it, but it is really tricky 
for the staff.  We can’t see everything that is going on”. 
(Fieldnotes) 
The 4-bedded bay and two single cubicles had fixed continuous monitoring.  Higher 
acuity patients were allocated to these beds or rooms immediately adjacent to the 
nurses ’station, which allowed greater visibility.  Mobile continuous monitoring units 
could be provided if required. 
The sound of alarms was commonplace – triggered by a drop in oxygen saturation levels 
or if a monitor had been disconnected.  Nurses always responded, but often to check 
that the equipment was working correctly.  Staff frequently readjusted probes in order 
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to encourage oxygen saturation level readings to improve.  There were no monitors at 
the Nurses ’Station however, and nurses were required to determine the alarm’s 
location.  Depending on the patient, nurses also permitted parents to turn off monitors.  
Parent: [T]hey’ve said you can switch it off if you want to because as long as we 
check it every now and again, I just turn it on and have a look [laughter] and 
check it and turn it off again. 
A monitoring equipment trolley was located in the middle of the ward, which was 
inconvenient for staff working in more distant rooms.  In addition, field observations 
revealed nurses were often unable to locate a specific item, and/or the equipment was 
broken.  Thermometers were a particular issue and once located would be held by staff 
rather than being returned to the equipment trolley.   
Nurse 1 to Nurse 2: “You don’t know what I’ve done with my thermometer do 
you?” 
Nurse 2: “I don’t but I can tell you where I’ve stashed mine” 
(Fieldnotes) 
There were no formal routines for involving families, although staff considered 
themselves to regularly involve families in defining baselines as well as encouraging 
them to talk about any concerns.  Nurses also actively engaged parents in monitoring 
their child’s condition.  During interviews, two parents reported that nursing staff had 
explained to them acceptable ranges in observation numbers and that they then played 
an active role in monitoring their child.  One parent noted that staff had spent time 
explaining what the numbers on continuous monitoring equipment related to, and the 
parent reported that she was not concerned as long as the patient’s heart rate stayed 
below 200.  
Observations were recorded on paper charts.  There were no colour-coded vital signs 
thresholds and no PTTT score.  While charts allowed nurses to clearly see patterns and 
trends, staff with previous experience of working with PTTTs favoured the colour-
coded vital signs thresholds, as these were useful triggers for action.  
 168 
 
Nurse: I really don’t like the documentation here so much. […] Because its just 
black and white, […] the Obs chart is not so nice. […]  When you see a heart rate 
up to a hundred per cent, in the dark red, so you see, everybody would see, okay, 
err and a student would see that is not right.  
There were no formal resources on the ward, which allowed staff to check a child’s 
observations against normal thresholds with an assumption that this should be known 
by all staff.  
Observation charts were located in a folder stored outside the patient’s room.  Nurses 
were often unable to find a folder immediately, typically because medical staff were 
using it.  During these times, nursing staff still performed a full round of observations on 
their patients, noting the results on informal pieces of paper and later transferring these 
to observation charts. 
Continuity of care was ensured wherever possible, and was prioritised during patient 
allocation.  Nurses had high levels of engagement with parents and involved them in 
interpretations of the child’s vital signs.  
Nurse: “He is very clammy.  I asked mum if he gets clammy at night and she said 
he does but not like this, this is more than normal”. 
(Fieldnotes) 
Family concern was also regularly highlighted during nursing handover.  Sometimes 
this was described as something relevant, and other times it was described as parental 
anxiety or a lack of understanding of the child’s condition.  Not all parents were treated 
as equally legitimate in raising concerns.   
Plan 
There were a number of mechanisms for reviewing individual patients and unit 
capacity, which produced different levels of situational awareness across the nursing 
and medical teams. 
Ward staff received a safety briefing at 7am.  This was used to highlight patients at risk 
of deterioration, or those with particularly challenging pre-existing conditions, as well 
as general information.  The shift’s handover sheet was also distributed during the 
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safety briefing.  This was electronically generated, containing information relating to 
diagnosis, treatment, medication and tests needed or awaiting results (Supplementary 
Material 14: Nursing Handover Sheet, Noah’s Ark Children’s Hospital). 
More detailed information on all patients was shared during nursing handover, which 
was conducted outside the patient’s rooms, to enable a visual review of the child.  
Nurses asked questions in order to make sense of the case – for example when a point 
was not clear, or where they felt that the account being provided contradicted their 
experience of looking after that child during a previous shift.  Nurses received handover 
for all patients and so had an overview of the whole ward.  Both the morning and 
evening handovers followed the same format.  During the week, the ward manager, who 
was a highly experienced clinician, reviewed all patients to identify individuals at risk. 
A white board indicated the location of patients on the ward, nurse-patient allocation 
and the on-shift consultant.  A yellow star denoted the sickest patients, although was 
not always used.  The board was regularly updated at nursing handover. 
A bed management meeting took place at 2pm and 8pm on PAU.  This was held with the 
patient flow coordinators, and ward managers in order review organisational capacity.  
The medical handover took place twice a day at 8.30am and 8.30pm and was an 
opportunity to review all patients in the medical service, with on-coming doctors and 
ANPs making notes on an electronic pre-populated handover sheet.  However, there 
was no systematic mechanism for identifying children of concern and no ward nurse in 
attendance. 
The general medical team ward round was an opportunity to review all patients and 
talk to parents.  The format varied.  Sometimes the team saw all patients, on other 
occasions the team divided into two, with the consultant focused on the sickest patients 
and the registrar leading the other team.  The whole team came together after the ward 
round to review decisions and plan.  In the week, the Ward Manager always attended 
the ward round.  Children under the care of specialist teams would be seen during the 
morning ward round for that team, but the timing of this was less predictable and nurse 
involvement was inconsistent.  Nurses would often have to check the medical notes to 
establish the plans for the child’s care. 
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While there were mechanisms in place to ensure that nursing and medical teams had an 
overview of the patients in their care, there was no opportunity for a shared nursing 
and medical understanding and information flows were fragmented.  Doctors were not 
always aware of the most at risk children on the ward and did not always prioritise 
activity appropriately.  In addition, the general medical team’s purview extended to all 
the medical patients in the hospital across two wards, PAU and A&E, whereas the 
purview of nurses included children under the care of specialists and the medical 
patients on a single ward.  
Act 
There was no hospital-wide PTTT score and no formal escalation policy.  Junior nurses 
typically escalated concerns to the Nurse-in-Charge, who then made a decision about 
escalating to medical colleagues, working up through the medical hierarchy if they were 
not satisfied with the response.  One doctor, usually an SHO, was ward based during the 
day and was visible at the Nurses ’Station, which meant that often concerns were 
addressed informally.  While this seemed to work satisfactorily in practice, there was 
sometimes a lack of clarity about the process when escalating and this could be 
particularly challenging at night when there was more limited medical cover and/or 
when the nurse raising concerns was more junior.  There were particular challenges 
contacting the on-call consultant at night and some of the specialist consultants, 
especially if they were from the adult service.   
Consultant: “The (name of specialist consultant) was phoned, and said he would 
come in in two hours to review (the patient),’ “but I said, sorry that’s not good 
enough” ‘he then told me off for forcing him to make decisions under pressure. 
But I wasn’t happy at all, I didn’t want to wait, so I sent her to HDU”.  
 (Fieldnotes) 
At interview, many parents described feeling able to raise concerns about their child 
with nurses, although this was observed to be more difficult for families for whom 
English was not their first language.  However, involvement was uneven, with not all 
parents instructed on the use of buzzers to alert the nurse.  The physical lay out of the 
ward could make it difficult for families to locate the nurses.  See Appendix 33, Table 57 
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for a summary of the pre-implementation system strengths and weaknesses identified 
by the PUMA team. 
Implementation phase 
Process 
The Noah’s Ark improvement team was led by the two PIs: a consultant and senior 
nurse.  Together they invested significant time and energy sharing the PUMA 
Programme across the organisation through formal events, meeting and activities and 
engagement with front-line staff.  The aim was to raise awareness of the research and 
enrol key individuals into the team.  However, while they successfully assembled an 
improvement team, it was not sustained.  
PI: There were people there with good intentions who wanted to help but would 
be moved on or were too busy and had lots of various things to do.  Or there 
were people who were sent along to help who had no intention of helping. 
The SSAT and FFT were completed on the two medical wards, surgical, oncology and 
specialty wards with the results used to identify areas for improvement (Figure 17).  
Appendix 34, Table 58 shows a summary of the pre-implementation system strengths 
and weaknesses identified by the improvement team. 
Figure 17: Noah's Ark system assessment radar diagram 
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Although multiple system weaknesses were identified, the team focused on the three 
elements of the wheel they found to be the weakest – the involvement of families in 
detect, reviewing information and planning; and escalation and response processes – 
using the process to develop a deeper understanding of these system weakness.  The 
implementation strategy entailed an explicit branding of the initiatives as linked to 
PUMA.  See Figure 18 for the implementation timeline. 
 
Figure 18: Noah’s Ark implementation timeline 
 
  
Context 
A number of organisational factors at Noah’s Ark had implications for the 
implementation of the PUMA Programme and the paediatric early warning systems in 
the site. 
One of the Study’s Chief Investigators who held a senior clinical position at the hospital, 
moved to a new post.  Whilst not involved in any of the implementation activities, he 
was the face of PUMA, and a reminder to frontline staff of the initiatives associated with 
the study. 
High levels of staff turnover, proved to be a major challenge, with the PIs struggling to 
find the time to maintain momentum with a changing population. 
The organisation also experienced changes in the thresholds for admission to PICU and 
HDU, which increased the likelihood of admission and increased referrals from other 
hospitals. 
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The handover and organisation of the nursing team on the ward case study was 
changed.  Nurses were allocated to work in a particular section of the ward and only 
received handover on those patients.  The aim was to increase the efficiency of 
handover in the context of the new ward layout.  
Nurses had also been given responsibility for registering parents parking, which had 
created additional burden on an already over-stretched workforce.  
ANPs were no longer included in the medical team, which changed from an 8-person 
rota to a 10-person rota, which increased capacity to cope with sickness or training. 
There were also improvements in monitoring equipment on the case study ward, 
including more Optiflows and saturation monitors as well as a central monitoring 
station.  
Initiatives 
PUMA initiatives 
The team initially proposed four initiatives (see Appendix 35, Table 59):  
1. Modified SHINE posters in clinical areas 
2. Electronic Site Board at Nurse’s stations 
3. Reviewing and adjusting existing communication mediums 
4. Escalation plan 
Modified SHINE posters  
The SHINE poster was intended to address weakness in family involvement in 
monitoring and detecting deterioration (Supplementary Material 15: Modified SHINE 
leaflet, Noah’s Ark Children’s Hospital).  The initiative aimed to ensure ‘continuity of 
clear information for parents’ and ‘empower parents to report the deterioration of their 
child’s condition when it happens’. 
The senior nurse PI led the initiative, having failed to enlist the help of others.  The 
poster was developed in February 2017, and implemented throughout June 2017.  Trust 
policy stipulated that posters should be placed on pin boards only; these were 
unavailable in the surgical unit, and the intervention was never extended to the 
specialist or oncology wards.  Implementation on the medical wards was facilitated 
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through an additional poster designed to engage nurses in the use of the tool, and was 
also promoted through nursing and medical induction programmes. 
A small number of SHINE posters were observed in patient rooms during the post-
implementation fieldwork, but their use had not normalised on the medical ward.  Many 
staff were unfamiliar with the tool and those who were, maintained that they had not 
received any information on its purpose.  When the intent of the poster was explained, 
staff indicated that in formalising a process that was deeply embedded in their 
professional practice, it undermined their role as nurses.  There was criticism of the 
poster’s content and format – volume of information and font size – which, it was 
suggested would discourage people from reading it.  There was also resistance to the 
idea of formally requesting parents to monitor their child:  
 
Senior Nurse: [It is] a lot of responsibility for a parent to recognise change.  You 
know it’s different saying I think his breathing has changed, can you have a look, 
I'm a bit worried.  Than actually sort of rely on the parents to look at the rolling 
signs that their child's ... I don't think I agree with that.  
Reviewing and adjusting existing communication mediums 
This initiative was intended to address system weakness relating to nursing-medical 
communication of at-risk children.  Doctors in particular were not always aware of the 
sickest children on the ward and therefore prioritising high-risk children was not as 
efficient as it could be. 
In February 2017, a consultant (PI) observed medical handovers to assess the extent to 
which at-risk children were identified and prioritised.  This confirmed that there was no 
clear mechanism for achieving this.  A ‘common safety briefing’ attended by both nurses 
and medical staff was proposed, but little progress was made because of difficulties in 
accommodating different shift patterns. 
The initiative was abandoned with the team electing to focus on the implementation of 
the electronic white board in order to support situational awareness.  
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Electronic site board 
The electronic site board was intended as a common information space for doctors and 
nurses to identify the sickest patients across all wards.  However, it quickly became 
apparent that this ‘became too big a mountain to climb ’because it needed to be 
managed by the Health Board’s IT department, which had other priorities. 
An alternative intervention was developed: a whiteboard displaying the ‘4Ss ’(sickest 
patients, bed status, safeguarding issues and staffing) in the general, specialty and 
surgical doctor’s handover rooms.  The intent was that prior to medical handovers, the 
registrar handing over would run through the ‘4Ss’ and then add a yellow star next to ‘at 
risk children’.  
White boards were installed in the general medical doctor’s handover room.  The board 
displayed the sickest patients across the general wards as well as highlighting staff, bed 
management and safeguarding issues, and was completed at the start of every handover 
(Supplementary Material 16: Whiteboard in the General Medical Doctor’s Handover Room, 
Noah’s Ark Children’s Hospital).  The purpose of this was to quickly orientate medical 
staff to issues surrounding the planning of risk and ensure that there was common 
understanding.  In order for this to be achieved across teams, nursing staff were 
required to phone the doctors’ room before each medical handover to share their own 
interpretation of the ‘4Ss’.  Staff were enrolled in the initiative through a variety of 
means: presentations to all junior doctors during orientation; meetings were held with 
new registrars and with senior nurses.  A second white board was also extended to 
specialty medicine in September 2017. 
The success of the initiative was uneven.  During the early period of implementation, the 
presence of the clinical CI during handover may have helped to embed the new format, 
but over time practice became variable and was largely dependent on the registrar 
handing over. 
Some medical staff found the new approach to be beneficial; it had the desired impact of 
improving multi-disciplinary communication and at-risk children were identified on 
one system. 
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Junior Doctor: Before this we probably wouldn’t have had a clue about bed 
status or erm, the nursing side of things.  It was kind of like very separate.  
Telephone calls between senior nurses and the doctors at the start of handover 
appeared to happen routinely during the post-implementation observations.  Any child 
of concern raised during the nursing handover, would also be communicated during 
medical handover.  The ward manager and senior nurses all mentioned that they were 
now able to get information on to the doctor’s handover if needed.  The initiative did not 
appear to have been implemented on the specialty medical ward.  Whilst the white 
board was installed it was not used.  This is arguably down to the very different culture 
on this ward.  Rather than one team on the general medical ward, the specialty medicine 
ward is made up of a number of different teams, each responsible for their own patients.  
A consensus on what patient is at greatest risk of deteriorating is far more challenging 
in this environment. 
Escalation plan 
The purpose of this initiative was to articulate a clear procedure for escalating care, 
with the aim of embedding ‘a more consistent approach, to empower staff to call for 
help and to make clear the roles and expectation of senior staff in responding to 
escalation requests’.  The policy was initially intended to be implemented across all 
wards and was developed by the senior nurse PI working with ward managers.  The 
policy specified to whom concerns should be escalated and subsequent steps if there 
was ‘on going deterioration or an inadequate response’ (Supplementary Material 17: 
Escalation Plan, Noah’s Ark Children’s Hospital).  Once the Children’s Board approved the 
policy, a number of implementation strategies were employed; inclusion in staff 
induction, nursing and medical study days.  However, difficulties were encountered in 
practice with implementing this across multiple wards.  There were certain wards that 
were more difficult to change than others; surgery in particular were very resistant to 
the idea of having a formal escalation policy, despite this being the ward where 
difficulties in escalation were highlighted during the system assessment process.  
Consequently, implementation was limited to the two general medical wards.  
In the post-implementation fieldwork, there was a low level of awareness on the new 
policy, but this may be because the policy simply formalised usual practice.  This lack of 
 177 
 
awareness of the formal policy, made it challenging to assess whether it empowered 
staff to escalate. 
See Appendix 36, Table 60 for a summary of initiatives implemented at Noah’s Ark and 
Appendix 37, Table 61 for a summary of all embedded system improvements.. 
Post-implementation paediatric early warning system assessment 
Detect 
There were no discernible changes to monitoring, recording and interpreting activities.  
We observed a few SHINE posters on the ward but did not see that nurses oriented 
parents to them on admission and we observed no examples of their use in practice.  
Parent interviews revealed no awareness of the tool, although did show confidence in 
alerting nurses to any concerns regarding deterioration. 
There had been some improvements to equipment with the introduction of central 
monitoring, and an increased number of saturation machines and breathing machines 
(Optiflows) provided since 2015, although it was not possible to discern their impact. 
Plan 
The nurses’ morning safety briefing had been getting ‘longer and longer’, with a growing 
list of additional items of information, with the same announcements appearing over 
the week.  This carried the risk of core information on at risk children being crowded 
out.  The nurses had started putting some of the information on to an information board 
to keep the briefing shorter (Supplementary Material 18: Additional Safety Briefing 
Information, Noah’s Ark Children’s Hospital). 
In order to work more efficiency nurses were now allocated to work in one area of the 
ward and only receive handover on these patients, rather than the whole ward.  At one 
level, this reduced the scope of nurses ’situational awareness.  At another level, the 
shortened handover improved nurses ’concentration. 
There has been an improvement in the shared situational awareness of children at risk 
as a result of the implementation of the ‘4Ss’ whiteboard.  The senior nurse phones 
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through to the doctor’s handover to alert them about bed status and the sickest 
patients, which allowed the medical team to plan ahead before the ward round. 
Act 
As part of the PUMA Programme the hospital had implemented a formal escalation 
policy.  While there were low levels of awareness that a formal policy existed, staff had 
high levels of awareness of the escalation process.   
The appointment of new PICU consultants had generated variation in thresholds for 
admission to PICU, which increased the likelihood of acceptance.   
Summary 
Noah’s Ark was under considerable pressure during the study, and high staff turnover 
made the implementation of initiatives challenging.  While a number of organisation 
wide initiatives were planned, organisational level change proved challenging.  Those 
initiatives that were implemented were more limited in scope, with most changes 
restricted to the two general medical wards.  Nevertheless, they did successfully 
develop and implement a formal escalation policy on the two medical wards.  It has not 
been possible to assess whether this has been normalised in practice, but there is 
evidence that the ward manager on the case study ward was resistant to change and did 
not promote the policy.  Ironically implementation was not possible on the surgical 
ward, where the System Assessment had identified particular problems around 
escalation.  They also had some success in implementing changes to strengthen 
reviewing and planning for deterioration to ensure a shared situational awareness 
between nursing and medical teams; this was achieved after abandoning their original 
plans because they were not workable and is a good example, of the strengths of a 
functions-based approach to improvement.  Once again, however, during the study 
these changes were more limited in scope than originally planned, but were 
subsequently extended to include the surgical ward.  The modified SHINE poster was 
developed and distributed on the general medical wards only, but it failed to be 
embedded in practice, again with some evidence of a lack of support from the ward 
manager in the ward case study.  Appendix 38, Table 62 shows a summary of the post-
implementation system strengths and weaknesses identified by the PUMA team. 
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Wider impact of PUMA 
At the end of the study, the team indicated that they had plans to use the PUMA 
Standard as a structure for systematically reviewing critical incidents in the hospital.  
Used in this way, there is significant potential for the PUMA Programme to support the 
development of a learning system.  In addition, while the initiatives were more limited 
in scope than originally planned for, there was evidence that they were continuing to be 
extended across the organisation.  
Quantitative analysis 
Monthly aggregate level data was collected at a whole hospital level in Noah’s Ark 
Hospital between May 2015 and October 2018.  Across all paediatric in-patient wards, 
patient bed-days averaged 1,956 per month.  Further details on the approach to analysis 
of the data are described in Chapter 2.  Appendix 10 shows a full statistical report for 
this site - including a series of exploratory (Figure 29, Table 31) and sensitivity (Table 
32) analyses performed on the primary outcome..  
 
Table 13: Estimate from segmented linear regression for adverse events in Noah's Ark 
Outcome Estimate, ß 
(95% CI) 
P Value Interpretation 
Adverse events    
 Intercept 3.27 (2.12, 4.42)   
 Pre-intervention trend 0.04 (-0.06, 
0.15) 
0.42 There is a trend towards 
increasing event rates 
although this is not 
significant.  
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 Change in slope 
(implementation period 
vs. pre-intervention 
period) 
0.01 (-0.16, 
0.18) 
0.92 The event rate doesn’t 
change but given the wide 
confidence intervals it is 
difficult to be precise 
about whether this is a 
true effect.  
 Immediate change in level 
(implementation period 
vs. pre-intervention 
period) 
0.21 (-1.55, 
1.97) 
 0.81  
 Change in slope (post-
intervention period vs 
implementation period) 
-0.27 (-0.47, -
0.07) 
0.01 The trend significantly 
reduced over this period 
(although the overall 
number of events per 
patients day increases)  
 Immediate change in level 
(post-intervention period 
vs. implementation 
period) 
1.98 (-0.22, 
4.18) 
0.09  
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Primary outcome 
 
 
 
 
 
 
 
 
 
 
 
Figure 19 shows fitted trends for pre-intervention, implementation period and post-
intervention rates of adverse events, per 1,000 patient bed-days.  For all graphs, solid 
red lines represent observed fitted trend lines, dotted red lines represent projected 
trends based on a continuation of pre-intervention trajectory, and dotted green lines 
represent 95% CI around the observed fitted trend lines.  The mean rate of adverse 
events per 1,000 patient-bed days was 3.99 in the pre-intervention period, 5.41 in the 
implementation phase and 6.00 in the post-intervention phase. 
Table 13 presents estimates from segmented linear regression for adverse events, 
including an interpretation of key findings.  The adverse event rate was trending 
upwards in the pre-intervention period, but not significantly so (ß=0.04, CI: -0.06, 0.15, 
p=0.42).  During the implementation phase, there was little change in the slope (ß 
=0.01, CI: -0.16, 0.18; p=0.92).  However, during the post-intervention period, there was 
a downward trajectory to the trend in adverse outcomes (ß =-0.27, CI: -0.47, -0.07), 
which was significantly different to the projected trend (p=0.01). 
Figure 19: Noah's Ark scatter plot with fitted line 
from segmented linear regression for adverse 
events 
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Secondary outcomes 
Figure 20 shows fitted trends (or raw data, where fitted trends were not possible) for 
individual secondary outcome rates across the three time periods, per 1,000 patient 
bed-days.  Table 14 presents estimates from segmented linear regression for secondary 
outcomes, including an interpretation of key findings.   
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Figure 20: Noah's Ark scatter plots with fitted line from segmented linear regression for 
secondary events 
Figure 20 (A): All-cause mortality (raw data) Figure 20 (B): Cardiac arrests (raw data) 
  
Figure 20 (C): Respiratory arrests Figure 20 (D): Unplanned transfers to PICU 
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Figure 20 (E): Unplanned transfers to HDU Figure 20 (F): PICU staff reviews 
  
Figure 20 (G): Other medical emergencies (raw 
data) 
 
 
 
 
Table 14: Estimates from segmented linear regression for secondary outcomes in 
Noah's Ark 
Outcome 
Estimate 
(95% CI) 
P Value Interpretation 
Unplanned PICU transfers    
 Intercept 1.13 (0.77, 
1.49) 
  
 185 
 
 Pre-intervention trend 0.00 (-0.04, 
0.04) 
0.99 
There is a relatively 
static trend in 
unplanned PICU 
transfers between the 
implementation and 
pre-implementation 
periods.  
 Change in slope 
(implementation period 
vs. pre-intervention 
period) 
-0.04 (-0.11, 
0.03) 
0.23 
 Immediate change in level 
(implementation period 
vs. pre-intervention 
period) 
0.22 (-0.38, 
0.81) 
0.48 
 
 Change in slope (post-
intervention period vs 
implementation period) 
-0.14 (-0.22, -
0.07) 
<0.00001 
The rate of transfers 
significantly decreased 
in the post intervention 
period but the overall 
rate of events was 
actually higher during 
this period.  
 Immediate change in level 
(post-intervention period 
vs. implementation 
period) 
1.60 (0.94, 
2.26) 
<0.00001 
 
Unplanned HDU transfers    
 Intercept 3.28 (2.63, 
3.93) 
 
 
 Pre-intervention trend 
-0.06 (-0.13, 0.12 
Similar to the PICU 
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0.01) transfer rate, there is 
relatively little change in 
rates over time between 
implementation and 
pre-implementation.  
 Change in slope 
(implementation period 
vs. pre-intervention 
period) 
0.06 (-0.06, 
0.18) 
0.31 
 Immediate change in level 
(implementation period 
vs. pre-intervention 
period) 
1.03 (-0.12, 
2.18) 
0.09 
 
 Change in slope (post-
intervention period vs 
implementation period) 
-0.31 (-0.46, -
0.17) 
<0.00001 
Like PICU transfers, the 
trend in HDU transfers 
changes downwards in 
the post intervention 
phase with statistical 
significance, but the 
overall rate is higher  
 Immediate change in level 
(post-intervention period 
vs. implementation 
period) 
2.34 (0.94, 
3.73) 
<0.00001 
 
 
Mortality 
The overall mortality rate during the pre-intervention period was 0.27 per 1,000 
patient bed-days, compared to 0.57 for the implementation period and 0.89 for the 
post-intervention period.  Due to a low rate of occurrence, it was not possible to model 
trends in mortality over the different time periods (Figure 20A). 
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Arrests 
Overall cardiac arrests rate during the pre-intervention period was 0.18 per 1,000 
patient bed days, in the implementation period was 0.04 and in the post-intervention 
stage was 0.00.  Respiratory arrests averaged 0.09 per 1,000 patient bed-days in the 
pre-intervention period, 0.09 in the implementation period, and 0.04 in the post-
intervention period.  Due to a low rate of occurrence, it was not possible to model 
trends in cardiac or respiratory arrests over the different time periods (Figure 20B and 
20C).  
Unplanned transfers 
The overall rate of unplanned transfers from in-patient wards to PICU during the pre-
intervention period was 1.04 per 1,000 patient bed-days, compared to 1.22 for the 
implementation period and 1.24 for the post-intervention period.  The equivalent rates 
for HDU transfers were 2.53 for the pre-intervention period, 3.62 for the 
implementation period and 3.82 for the post-intervention period. 
In the pre-intervention period, there was a non-significant downward trend in HDU 
transfer rates (ß =-0.06, CI: -0.13, 0.01; p=0.12) while PICU transfer rates were flat (ß 
=0.00, CI: -0.04, 0.04; p=0.99).  For HDU transfers, there followed a flattening of the 
trend in the implementation period (ß = 0.06, CI: -0.06, 0.18; p=0.31) before a 
significant downward trend in the post-intervention period (ß =-0.31, CI: -0.46, -0.17, 
p<0.00001).  PICU transfer rates trended slightly downwards in the implementation 
period (ß = 0.03, CI: -0.07, 0.13), then significantly downwards in the post-intervention 
period (ß = -0.05, CI: -0.17, 0.06; p=) (Figures 20D and 20E). 
PICU reviews 
The overall rate of PICU reviews during the pre-intervention period was 1.58 per 1,000 
patient bed-days, compared to 0.17 for the implementation period and 0.00 for the 
post-intervention period.  Due to a low rate of occurrence, it was not possible to model 
trends in PICU reviews over the different time periods (Figure 20F).  
Other medical emergencies 
The overall rate of PICU reviews during the pre-intervention period was 0.55 per 1,000 
patient bed-days, compared to 1.00 for the implementation period and 0.53 for the 
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post-intervention period.  Due to a low rate of occurrence, it was not possible to model 
trends in other medical emergencies over the different time periods (Figure 20G).  
Synthesis 
In this final section we consider how some of the clearer quantitative findings relate to 
qualitative observations.  Assessing the impact of the intervention on quantitative 
outcomes was challenging and so interpreting the quantitative outcomes in relation to 
the ethnographic observations should be treated with caution. 
Noah’s Ark made a number of improvements in certain wards, but no organisational 
level changes were introduced during the lifetime of the study.  Changes in consultants 
likely resulted in lowered thresholds for HDU and PICU admission.  The ITS analysis 
gave a mixed picture – while the overall adverse event rate actually increased during 
the implementation and post-intervention periods (driven in part by the increase in 
HDU and PICU admission rates), the rate of events was trending downwards over the 
course of both time periods.  The downward trends suggest a possible regression to the 
mean after some outlying months – in this case, the picture would likely have been 
clearer if we had continued to collect data over a longer period.  
  
 189 
 
Chapter 8: Case Study 4 – Morriston 
Hospital 
Pre-implementation phase 
Paediatric early warning system in context 
The hospital 
Case Study 4 was undertaken at Morriston Hospital, a 700-bedded DGH, and part of the 
newly formed Swansea Bay University Health Board (previously Abertawe Bro 
Morgannwg University Health Board).  The paediatric service included a medical ward 
and a surgical ward; PAU and a 4-bedded medical HDU and a 3-bedded surgical HDU.  
There was no PICU; very sick children were transferred to the tertiary centre 
approximately forty miles away.  
The ward 
The ward case study focused on a 16-bedded medical ward that provided care for 
children with long-term conditions, acute episodes of illness, including breathing 
difficulties, or physical, developmental or feeding problems.  Some children regularly 
attended the ward for treatments.  HDU beds were in a separate area within the ward 
and staffed on 1-2 nurse-patient ratio.  See Supplementary Material 19: Morriston Case 
Study Ward Layout for details. 
Staffing  
The ward team included: a Ward Manager, Band 6 (2) and Band 5 nurses (16), 3 HCAs, 4 
nursery nurses, and 2 play specialists.  Student nurses had educational placements on 
the ward.  A complex shift system operated including: long days (7am-7.30pm), early 
shift (7am–3pm), normal days (7am–4.30pm), middle shift (11.30am-7.30pm), and 
night shifts (7pm – 7.30am).  HCAs worked 7am–2.30pm.  Staffing was highest between 
11.30am and 2.30pm.  The Nurse-in-Charge carried a caseload.  All nurses who worked 
in the HDU area were HDU-trained but not all ward nurses were HDU-trained.  The 
nursing team included both experienced (60%) and recently qualified staff (40%).  
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Nurses worked with the named-nursing model; patients were allocated according to 
their clinical needs.  HCAs had their own patients, but these were typically non-complex 
cases and they worked under the supervision of a registered nurse.  New admissions to 
the ward were allocated to a suitably qualified nurse and the allocation of work revised 
as necessary to optimise skill-mix.  
The medical team provided twenty-four hour cover.  There were a variety of shift 
patterns that were different for the SHOs and the middle grades.  Six doctors provided 
weekday cover: consultant and four junior doctors (Registrar and SHOs).  The junior 
doctors rotated 4-6 monthly.  Throughout the day, at least two junior doctors were 
based on the case study ward, dealing with medications, blood tests and reviewing 
patients as requested by nursing staff.  At night and at weekends, a registrar, SHO and 
on-call consultant covered the in-patient paediatric service. 
Routines 
The main nursing handover at 7am was an oral handover from one of the night staff to 
the day staff.  Patients were allocated after handover and this was recorded on a 
whiteboard in the treatment room.  Additional handovers took place at shift changes, 
typically a one-to-one handover from the outgoing to the remaining or incoming nurses.  
Handover to the night staff at 7pm was by the Nurse-in-Charge who handed over all 
patients for the ward.   
The morning doctors ’handover took place at 8.30am and was a full department 
handover from two doctors who had been on night duty across the paediatric whole 
department.  There was an afternoon handover at 4.30pm between the consultant of the 
week, on call consultant, and junior doctors, and an 8pm handover between the middle 
grade doctors who handed over to the doctors working the night shift.  A consultant 
would usually telephone or attend the 8pm handover in person.  
The medical ward round took place at approximately 9.30am.  This was followed by the 
nursing-medical Board Round attended by the doctors, and the Nurse-in-Charge.  
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Family involvement 
Involving families was central to patient care, but there were limited facilities for 
parents to stay with their child over night.  Parents slept in a chair next to the child and 
the ward policy restricted this to one parent only. 
Paediatric early warning system assessment 
Detect 
Observation policy was based on RCN Guidelines, although staff did not explicitly orient 
to this in practice.  All children were required to have vital signs monitored at least four 
hourly, unless otherwise directed by the doctor.  The normal set of vital sign 
observations consisted of heart rate and oxygen levels, temperature and respiratory 
rate (Supplementary Material 20: Observation Chart, Morriston Hospital).  In the 
exceptional cases where a child required additional clinical observations this was 
communicated at handover and recorded on a white board, which functioned as a 
common information space and was located in the Treatment Room.  Roles and 
responsibilities in relation to detection appeared to be reasonably well understood. 
Equipment was problematic: ward staff often had to search for an equipment trolley to 
perform observations.  In addition, there was a shortage of paediatric probes for 
measuring oxygen saturation and pulse and a lack of the correct size of cuffs for 
monitoring blood pressure; equipment was often found not to be working.  There was 
no facility to perform continuous monitoring which nurses perceived would be of value 
in cases where obtaining accurate observations could be difficult, such as in young 
children for whom the process could be distressing.  
Formal observation policy required that heart/pulse rate should be checked manually 
for one minute.  Throughout the period of observation, the use of a manual pulse was 
not observed at all, and heart rate was routinely taken from automated readings.  
Nurses ’reliance on machine readings reflected the additional time it took to manually 
obtain observations, and a lack of skills in manual approaches in the case of more junior 
staff.  It was also difficult to conduct observations as required at night and during 
weekends when there were only two nurses working. 
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There was no PTTT in use on the ward.  There were local guidelines for observation 
frequency for some conditions but nurses were encouraged to observe the child as a 
whole, to understand the normal parameters for each individual patient, and to share 
any concerns.  Increasing the frequency of observations was largely left to nurses’ 
discretion.  There were also posters specifying normal physiological thresholds. 
On admission, the named nurse encouraged parents to ask for help if the child’s status 
changed, and established baseline details of the child’s condition initiated parental 
involvement in detection.  Nurses took pride in ‘knowing their patients’, and much of 
this knowledge of ‘what is normal ’for each child, was derived from the parents in these 
first interactions.  Nurses also had established relationships with families whose child 
regularly attended the ward.  Nurses at the start of each shift also reinforced parental 
involvement.  During medical review and ward rounds, doctors sought parents ’views 
on their child’s status and if they had specific concerns.  
Vital signs were recorded on a paper-based observation chart, which displayed trends.  
A different observation chart was used in the PAU, which undermined monitoring 
continuity, as it was necessary to start a new chart on admission to the ward.  There 
was no visual reminder or guidance for staff on the observation charts to indicate 
whether the plotted observation readings were within normal ranges or a cause for 
concern.  There was no system in place for storing charts and so these were sometimes 
difficult to locate which could result in observations being recorded on pieces of paper 
before formal charting.  Separating the time of collecting observations from the time in 
which they were recorded on the chart, delayed the opportunity to interpret the vital 
signs alongside previous observations. 
Both doctors and nurses asked parents regularly for their perspectives on their child, 
and this was combined with observations, knowledge of baseline parameters, and test 
results to provide up to date reviews.  Parental engagement was uneven.  While there 
were many examples of constructive and supportive relationships, it could be 
challenging for nurses to manage parental concerns not considered to have a clinical 
foundation.  Conversely, nurses reported that parents did not always raise concerns 
with doctors, even though they had raised their concerns with nurses beforehand.  
Offering an interesting insight into inter-professional relationships on the ward, nurses 
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expressed frustration with this, because they considered that parents had more 
authority to question the doctors than they themselves, and this was a missed 
opportunity. 
Nurses and support workers continuously reviewed the status of children in their care, 
undertaking additional observations as required and discussing the case with 
colleagues.  From this, a plan for increasing the observation of children or referral to a 
doctor was made, collaboratively.  Nurses emphasised that assessing the child went far 
beyond physiological indicators. 
Senior Nurse: Paediatrics is very much observation of the whole patient not 
just the figures. […] sometimes you just look at the child, as a nurse, and you 
know this child is seriously sick.  And it goes by nasal flaring, tracheal tugs, 
you don't even need to do the respiratory rate, you can actually see the child 
is seriously ill.  […] You take in the whole picture of the patient […] not just a 
parameter. 
Plan 
There were a number of mechanisms for reviewing individual patients: the separate 
nursing and medical handovers, the ward round and the post-ward round nursing-
medical board round.  7am nursing handover was the primary means for nurses to 
review all patients and ward status.  Nurses received handover on all patients and made 
notes on a printed bed plan of the ward.  There was no pre-populated electronic 
handover sheet.  Each child was considered in bed order.  Patients at risk of 
deterioration were not explicitly highlighted in one single section of nursing handover, 
but nurses generally noted if they were concerned about a patient.  At evening nursing 
handover individual nurses handed over their patients to the night staff.  Smaller 
handovers occurred at shift changes, but only related to the patients being handed over 
and not the whole ward.  
The medical staff handover took place at 8.30am.  This was a full department handover 
attended by the doctors working the day shift on the PAU, medical and surgical wards.  
Doctors worked with pre-populated electronic handover sheets, which were updated at 
a minimum at the end of each shift.  It included information on concerns and treatment 
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plans on all paediatric patients.  Additional handovers took place at 4.30pm between 
the consultant and consultant on call and at 8pm between the middle grade doctors and 
the night shift team.  Consultants often call in for 8pm handover.  
An explicit purpose of the medical handover was to identify the children of most 
concern who should be reviewed first, including children in HDU.  
Registrar: [O]ne of the first questions they’ll say is which ones are the children 
that you’re a bit concerned about or that we need to be more aware of, or that 
needs to be seen sooner rather than later, so we’ve already got an idea often 
from leaving handover which ones to keep an eye out for. 
Children were reviewed and treatment plans agreed on the ward rounds.  On the 
medical ward round the team divided into two groups, one led by the consultant and the 
other led by the registrar.  The consultant saw the most ill patients, starting in HDU.  
While senior medical staff expressed a preference for a nurse to attend the ward round, 
this was considered impractical by the nursing team as the ward round took place at the 
same time as nurses were taking breaks and the nurse in charge carried a caseload. 
The main opportunity for a joint review by doctors and nurses was the board round 
which immediately followed the ward round.  The Nurse-in-Charge or their nominee 
attended the board round and communicated information to colleagues.  The board 
round took place in the Treatment Room and information was reviewed and updated on 
the whiteboard.  This was consulted frequently by both medical and nursing staff and 
was am important central resource for sharing information.  Nurses who took 
responsibility for maintaining the board but did not always have time to update it. 
Beyond these formal mechanisms, reviews of patient status and ward activity were 
woven through daily activities.  Doctors and nurses discussed patients and planned for 
action; a new admission could prompt a review of overall acuity across the ward, and 
identify patients considered to be at risk: 
Nurse: Because with our assessment of when people come in, kids come into the 
ward, we will often rearrange, if we think somebody is a potential to get unwell, 
we will try to get them closest to this end to the desk and the HDU area of the 
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ward, rather than being like 30 feet down the corridor.  So we’ll have them up here 
anyway.  
Act 
This site did not use a PTTT and thus there was no standardised score or trigger that 
prompted action.  The escalation policy was based on the RCN guidelines, which 
recommend additional checks of vital signs but no other forms of action.  There were 
some general indicators in place for actions related to vital signs, but low awareness of a 
formal graded escalation policy.  Decisions about when and how to escalate care was at 
the discretion of clinical staff.  
Nurses reported that they would have no hesitation in seeking a senior medical review 
if this was indicated.  Nurses typically first discussed the situation with each other; 
there was a strong informal network of peer support on the ward, and official support 
from more senior experienced nurses.  Furthermore, during the day doctors were often 
present on the ward or in the attached HDU, and so in practice, nurses were more 
pragmatic than working their way through the medical hierarchy and would speak to 
doctors who were on the ward or nearby.  The doctors also preferred that junior nurses 
consulted with more senior nurse colleagues initially, with one doctor noting the 
tension between nurses reporting concerns and doctors ’ability to manage requests:  
Consultant: And so I do think it’s a good idea for junior nurses to speak to 
somebody senior on their ward, but if they can’t, if they're off the ward then 
they shouldn’t feel that they have to wait…And that’s, and that’s a challenge I 
think in trying to balance those two things, so encouraging people to not 
always ring but not wanting them to feel like they can’t ring.  
Escalation could be a delicate balance, and we observed that tensions could sometimes 
surface, both within the nursing team and between nurses and doctors.  HDU staff 
routinely reviewed cases of mortality or critical incidents.  See Appendix 39, Table 63 for 
a summary Morriston pre-implementation system strengths and weaknesses identified 
by the PUMA Team. 
 196 
 
Implementation phase 
Process 
The Morriston improvement team was led by the PI (Consultant) and comprised: 
Practice Development Nurse, Associate Practice Development Nurse, Lead Nurse for 
Paediatrics, Head of Nursing, Consultant Paediatrician, Consultant Paediatrician at a 
linked site, and a Lecturer in Nursing from the partner University.  A number of 
additional people from the paediatric service led the implementation of specific 
initiatives. 
The SSAT and FFT were administered on the medical and surgical wards and PAU and 
highlighted many areas of weakness (Figure 21), which key members of the 
improvement team were unprepared for and found troubling.  The implementation 
team met several times to discuss where to focus their efforts. 
The implementation strategy entailed explicitly framing initiatives as everyday quality 
improvement rather than as PUMA-badged interventions.  From the perspective of the 
improvement team, this was necessary to secure enrolment in the initiatives, which 
they believed would be difficult if the changes were perceived as ‘research ’and thus 
time-limited.  However, from the perspective of the research, this did make it more 
challenging to trace impacts in the post-implementation phase.  See Appendix 40, Table 
64 for a summary of the pre-implementation system strengths and weaknesses 
identified by the improvement team. 
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Figure 21: Morriston system assessment radar diagram 
 
Context 
At the time of the study, the hospital was involved in a wider restructuring of the 
organisation; this has some impacts on the implementation of certain initiatives, which 
required governance and institutional approvals. 
The implementation process was also affected by a period of unscheduled absence on 
the part of the PI.  See Figure 22 for Morriston implementation process timeline. 
Figure 22: Morriston implementation process timeline 
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Initiatives 
PUMA initiatives 
Fifteen initiatives were proposed at this site (see Appendix 41, Table 65): 
1. Update and disseminate observation policy 
2. Create posters and cards for staff to signpost abnormal thresholds for vital signs 
3. Update observation charts to include normal range thresholds for vital signs 
4. Conduct inventory of equipment 
5. Formally establish Deteriorating Child Study Day across health board 
6. Roll out in -house e-learning package for nursing and medical staff 
7. Ward nursing staff to spend more time observing HDU staff 
8. Move to adopt 3x daily huddles/board rounds 
9. Introduce process for identifying ‘watchers’ at each huddle. Markers on white 
board 
10. Review handover content. Possibility of including nursing staff in medical 
handover 
11. Re-establish a nursing supernumerary role 
12. Establish a staff training course on situational awareness 
13. Review and disseminate existing escalation policy 
14. Review communication tools to aid escalation of patient care 
15. Explore tools for family/parental involvement   
While work in some areas had already started before PUMA, these were all included in 
the site Action Plan.  Together these were designed to improve: detection by making 
changes to monitoring, recording and interpreting activity, planning for escalation by 
prioritising/formalising reviewing of patients and using advance planning for escalation 
and, action by timely escalation and confident planned response to deterioration. 
Some initiatives were designed to come into effect as soon as possible.  This was driven 
strongly by the leads of each initiative and enabled in part due to earlier development 
work. 
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Update and disseminate observation policy  
The paediatric early warning assessment revealed a lack of awareness of the 
observations policy, and that further clarity was required to guide staff regarding 
frequency of observations and the core vital signs to be observed for all children.  The 
policy was updated to reflect the most recent RCN Guidelines and was led by the PI and 
senior consultant.  An email and poster campaign was used to raise awareness of the 
policy, with staff required to sign to confirm they had seen the policy.  There was also an 
intention to monitor implementation of the policy weekly through spot checks, but we 
found no evidence that this process measure was implemented.  
Posters and cards with information on normal physiological parameters  
The development of posters and cards aimed to make access to information on normal 
physiological parameters easier for staff as these were not included on the observation 
chart.  The Clinical Educator, working with support of five additional nursing team 
members, led the initiative.  The cards and posters were easily produced without the 
need for additional resources and the staff kept the laminated card in their ID holder, 
which made it accessible and easily incorporated into routine practice.  
New observation chart  
Development work on a new observation chart had already commenced prior to PUMA.  
The Practice Development Nurse led this, with support from others (lead nurse, practice 
development nurse, consultant paediatricians x3).  Although not a PTTT, the chart had 
been updated to include colour coded age-related normal physiological vital signs 
thresholds (Supplementary Material 21: New Observation Chart, Morriston Hospital).  
While a staff survey showed high levels of support for the new chart, implementation 
was delayed for 12 months because of the need to secure organisational governance 
with a sister hospital and concerns about its use in some clinical areas.  It was 
implemented on the medical ward, PAU and surgical ward but not A&E, because it was 
felt that a bespoke chart was required. 
Inventory of ward equipment  
The Paediatric Lead Nurse led an inventory of medical ward equipment in surgical and 
medical wards and PAU.  It was carried out early in the implementation period and the 
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problems of inadequate and unsuitable equipment were rectified within a matter of 
weeks.  Observation trolleys were cleaned daily by the ward cleaning staff and all 
breakages or stock issues were reported at the time.  An annual plan of maintenance 
was created with the Medical Physics department.  
Deteriorating child study day 
This initiative was to ‘formally establish the deteriorating child study day’.  This was 
already in the calendar of educational sessions offered by paediatric service, but the 
intent was to modify the content to include situation awareness and human factors, get 
it accredited by RCN and RCPCH and make it a bi-annual event to increase the number 
of nursing and medical staff attending.  The Study Day was arranged and then 
postponed at least twice during the PUMA project, but a study afternoon was 
implemented.  At the end of the study the initiative had not been implemented, but 
there was still a commitment to moving things forward. 
Online learning materials  
Another educational initiative was to encourage e-learning, to overcome some of the 
challenges of releasing staff to attend study days.  This started with the intention of 
getting staff to complete the RCPCH RCN paediatric emergency e-learning package: 
‘Spotting the Sick Child’.  However, having experienced numerous ‘technical issues ’they 
moved forward with their own custom e-learning package (simpler version, focusing on 
determining abnormal vital signs in children) for medical/nursing staff.  Led by a 
medical student, work on this initiative predated the PUMA Programme.  At the end of 
the study the resource had been developed, but it was awaiting organisational approval 
before it could be implemented.   
Nurse shadowing of HDU staff 
A further educational initiative was to enable ward nurses to have an opportunity to 
shadow HDU trained staff.  Whilst well intentioned, this was not possible to implement 
because of nurse staffing levels. 
Safety huddles 
The post ward round board round was considered a valuable mechanism for ensuring 
situation awareness between the medical and nursing teams and this initiative sought 
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to increase the frequency to three daily huddles (10.30am, 4.30pm, 9pm) and develop a 
protocol specifying purpose, information and attendance with the intention to audit 
practice.  The initiative did not progress, however, in large part because not all staff 
considered it to be necessary. 
Categorising children of concern as ‘watchers’ 
This initiative was intended to improve situational awareness through the routine 
designation of children considered to be at risk of deterioration as ‘watchers ’and 
adding this information to the white board and handover sheets using a standard 
signifier.  Implementation required considerable effort on the part of the PI in leading 
by example, and by the end of the study, watchers were consistently mentioned in the 
board round, the team having implemented the ‘5Ss’: safeguarding; same name; bed 
status; sick children; staffing at every handover.  A new acuity tool was also introduced 
for use by nurses, which highlighted watchers. 
Review of nursing and medical handovers 
This was a two-pronged initiative aimed at improving information sharing, and 
improved situational awareness.  First, the intention was to explore the possibility of 
adjusting nursing and medical shift patterns to enable a joint nursing-medical handover.  
However, this was not considered practical.  Second, there was a plan to review the 
content and structure of nursing and medical handovers to assess whether there was 
potential for greater standardisation in order to improve situation awareness.  Although 
the review was not completed with the study timeframe the work is on going. 
Establish a supernumerary nurse role 
RCN Guidelines recommend that the nurse in charge of the shift should be 
supernumerary to ensure effective management, training and support of staff.  In 
addition, and in the context of paediatric early warning systems, this individual has an 
important role in ensuring situational awareness.  In the pre-implementation phase we 
observed the difficulties of the Nurse-in-Charge attending ward rounds and board 
rounds because they also carried a caseload.  The team aimed to implement the RCN 
Guidelines, but staffing levels in the study site prevented the implementation of this 
initiative and increasing the nursing establishment was beyond the immediate control 
of the ward. 
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Situational awareness training 
This initiative was proposed in order to fill a gap in staff education about risk 
management.  The first situational awareness study afternoon took place in July 2018. 
Review and dissemination of the existing escalation policy 
The escalation policy was reviewed alongside the observation policy.  An email and 
poster campaign was used to raise awareness of the policy, with staff required to sign to 
confirm they had read it.  There was also an intention to monitor implementation of the 
policy weekly through spot checks, but there is no evidence that this process measure 
was implemented. 
Review communication tools to aid escalation of care 
This initiative was intended to strengthen the clarity of communication during 
escalation of care through the identification and implementation of a structured 
communication tool.  However, the site lead for this initiative had a long period of sick 
leave and thus it never got off the ground. 
Explore available tools for family engagement  
This initiative aimed to identify more structured mechanisms for engaging parents in 
the care of this child with staff expressing concern that parents did not always 
understand the information they were given.  The initiative was led by the PI and 
resulted in amendments to a parent information booklet given to parents when the 
child was in PAU which emphasised the parents ’role in their child’s hospital stay, and 
that parents could be confident that staff would be open to their concerns. 
See Appendix 42, Table 66 for a summary of the implementation of action plan initiatives 
and Appendix 43, Table 67 for summary of all embedded improvements to the system. 
Post implementation phase 
Paediatric early warning system in context 
During the implementation phase, we identified two contextual changes with potential 
implications for the functioning of the paediatric early warning system.  The ward shift 
system was revised in order to reduce its complexity and the impact that this had on 
continuity of care and communications. 
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There had also been ward level changes to the storage and management of patient 
information. 
Paediatric early warning system assessment 
Detect 
As a result of the equipment inventory, access to monitoring equipment on the ward 
had improved.  Each cubicle/room had its own monitoring equipment so that searching 
for the right tools was no longer necessary.  New mobile observation trolleys with 
appropriate equipment (paediatric probes) and multiple operational capacity to record 
temperature, oxygen saturation, respiratory rate, and blood pressure were held in the 
central corridor of the ward and used by staff for use in the patient bay areas.  
Observation trolleys were cleaned daily and breakages or stock issues reported at the 
same time.  Ward staff unanimously considered the new equipment to have made their 
work much easier, with equipment much more accessible. 
A laminated copy of the RCN observation and escalation guidelines was included in 
every patient file on admission as a reminder to staff.  However, despite the initiative to 
raise awareness of the new policy, this was not evident in the post-implementation 
fieldwork.  This was one of the earliest initiatives implemented as part of the PUMA 
programme and it is possible that policy had been normalised by the post-
implementation period. 
The detection of vital signs outside of normal physiological parameters had been 
addressed in several ways.  First, by early implementation of easily accessible 
information for staff through updated posters and cards showing normal/abnormal 
thresholds.  While the posters were not in evidence in the post-implementation period, 
the majority of staff were aware of the cards and card use continued albeit infrequently.  
Second, the accessible information campaign was subsequently followed by the 
introduction of the observation chart which was colour coded to indicate normal vital 
signs thresholds.  The same chart was implemented across the medical ward, PAU and 
surgical ward, which improved monitoring continuity and recognition of vital signs 
trends. 
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The challenges nurses had in locating observation charts in the pre-implementation 
period, which created delays in formally recording observations had been mitigated by 
ward level changes to the storage and management of patient information.  Observation 
notes were kept in the patient notes in individual red ring binders and stored in a 
trolley in the Treatment Room.  There was a notice to the doctors to remind them to 
replace the red binders in the trolley as soon as possible and not to separate the 
contents.  Nursing staff observed that one or two regular offenders needed to be 
reminded, but for the most part, staff appeared to take binders and return them 
appropriately, and there was no confusion over the location of the observation charts.  
Plan 
While the improvement team decided that there was no need to increase the frequency 
of board rounds/safety huddles, the post-implementation fieldwork indicated that there 
was increased attention to situation awareness.  The team had implemented the 5Ss at 
every handover.  At risk children were consistently designated a watcher status at 
board round and the contents of the whiteboard appeared to be more regularly updated 
and more complete.  Nurses appeared to update the board during their work, while they 
performed the required tasks shown and those decided during handover.  Doctors 
looked at the whiteboard frequently in between seeing patients in the ward round.  We 
were not able to assess the impact of changes to the nurses ’shifts on communication. 
Act 
There was little evidence of increased awareness about the escalation policy, as in the 
pre-implementation phase and no discernible differences in staff accounts of 
summoning medical teams.  However, staff interviews in the post implementation 
period suggested that when there was a risk of deterioration, patients were moved into 
HDU more quickly than previously.  
Nurse: The children who are sick in our cubes, are escalated quickly to HDU […] 
You know all the doctors seem to be very quick […] quick and prompt like on 
moving them before, you know things deteriorate. 
Summary 
The System Assessment at Morrison highlighted multiple areas for improvement to 
align with the PUMA Standard, which led to the inclusion of a large number of initiatives 
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in the site Action Plan.  The team was able to implement a small number of initiatives 
quickly – for example an equipment inventory, thresholds information cards, and efforts 
to raise staff awareness of the observations and escalation policies.  Other initiatives 
were more ambitious to develop and implement - training programmes, new 
observation charts, e-learning - because they required higher level organisational 
approvals and/or involvement of stakeholders beyond the improvement team.  Staff 
shortages were also important constraints and prevented the implementation of HDU 
shadowing and the supernumerary status for the Nurse-in-Charge.  Some small 
modifications were made to parent information sheets, but otherwise mechanisms for 
parental involvement were unchanged.  Appendix 44, Table 68 shows a summary of the 
post-implementation system strengths and weaknesses identified by the PUMA team. 
Wider impact of PUMA 
A number of initiatives were not implemented and/or embedded during the study 
lifetime but remain on going: review of nursing and medical handover, annual training 
programme, and online training programme.  In addition, the nursing staff reflected 
positively on the PUMA Programme in encouraging them to think differently about the 
improvement process.  
Senior Nurse: “It's given us a purpose for changing things.  I think it has 
improved it.  Because we have put better things in place haven't we. I think we 
are more aware, our focus was on the [nurses], on their education, rather than 
proving we didn't need a score, that was our drive”. 
(Meeting – Fieldnote) 
As a result of the work undertaken by the improvement team in reviewing educational 
provision, the PI became involved in an initiative with the University to develop a 30-
credit Nursing Module on recognising the sick child.   
Quantitative analysis 
Monthly aggregate level data was collected across all paediatric in-patient wards at 
Morriston Hospital between July 2015 and October 2018.  Across all paediatric in-
patient wards, patient bed-days averaged 655 per month. 
 206 
 
Further details on the approach to analysis of the data are described in Chapter 2.  
Appendix 10 shows a full statistical report for this site - including a series of exploratory 
(Figure 30, Table 33) and sensitivity (Table 34) analyses performed on the primary 
outcome.. 
Primary outcome 
Figure 23 shows fitted trends for pre-intervention, implementation period and post-
intervention rates of adverse events, per 1,000 patient bed-days.  For all Figures, solid 
red lines represent observed fitted trend lines, dotted red lines represent projected 
trends based on a continuation of pre-intervention trajectory, and dotted green lines 
represent 95% CI around the observed fitted trend lines. 
 
Figure 23: Morriston scatter plot with fitted line from segmented linear regression for 
adverse events 
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Table 15: Estimates from segmented linear regression for adverse events in Morriston 
Outcome 
Estimate, ß 
(95% CI) 
P Value Interpretation 
Adverse events    
 Intercept 29.69 (26.89, 
32.49) 
  
 
Pre-intervention trend -0.10 (-0.40, 0.21) 0.55 
There was no apparent 
significant trend in the 
overall adverse event 
rate.  
 
Change in slope 
(implementation phase 
vs pre-intervention 
phase) 
-0.64 (-1.15, -0.13) 0.02 
There was a significant 
deviation in the event 
rate during the 
implementation phase 
which probably 
represents a real clinical 
impact.  
 Immediate change in 
level (implementation 
period vs. pre-
intervention period) 
1.57 (-4.05, 7.18) 0.59  
 
Change in slope (post-
intervention phase vs 
implementation phase) 
0.32 (-0.29, 0.93) 0.31 
This trend was 
maintained but was not 
significantly different 
from the implementation 
phase.  
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 Immediate change in 
level (post-intervention 
period vs. 
implementation period) 
0.32 (-0.29, 0.93) 0.31  
 
Table 15 presents estimates from segmented linear regression for adverse events, 
including an interpretation of key findings.  The overall rate of adverse events per 1,000 
patient-bed days was 29.07 in the pre-intervention period, 24.83 in the implementation 
period and 24.24 in the post-intervention period.  In the pre-intervention period, there 
was a downward slope in rates of adverse events over time, but with wide confidence 
intervals (ß=-0.10, CI: =0.40, 0.21; p=0.55).  During the implementation phase, the 
adverse event rate trended significantly downwards, relative to the pre-intervention 
trajectory (ß =-0;64, CI: -1.15, -0.13).  In the post-intervention period, the rate trended 
downwards but flattened relative to the implementation period (ß =0.32, CI: -0.29, 0.93; 
p=0.31). 
Secondary outcomes 
Figure 24 shows fitted trends (or raw data, where fitted trends were not possible) for 
individual secondary outcome rates across the three time periods, per 1,000 patient 
bed-days. Table 16 presents estimates from segmented linear regression for secondary 
outcomes, including an interpretation of key findings.   
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Figure 24: Morriston scatter plots with fitted line from segmented linear regression for 
secondary outcomes 
Figure 24 (A): All-cause mortality Figure 24 (B): Cardiac arrests 
  
Figure 24 (C): Respiratory arrests Figure 24 (D): Unplanned transfers to PICU 
  
Figure 24 (E): Unplanned transfers to HDU Figure 24 (F): PICU staff reviews 
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Table 16: Estimates from segmented linear regression for secondary outcomes in 
Morriston 
Outcome 
Estimate 
(95% CI) 
P Value Interpretation 
Unplanned HDU transfers    
 Intercept 31.66 (27.14, 
36.18) 
 
 
 
Pre-intervention trend 
-0.47 (-0.96, 
0.02) 
0.07 
There was a non-
significant trend towards 
reduction in unplanned 
HDU transfers even 
before the 
implementation phase.  
 
Change in slope 
(implementation phase vs 
pre-intervention phase) 
-0.65 (-1.49, 
0.18) 
0.14 
There was trend towards 
a further reduction in the 
transfer rate but the very 
large confidence 
intervals make this 
difficult to interpret.  
 Immediate change in level 
(implementation period 
vs. pre-intervention 
period) 
6.77 (-1.63, 
15.17) 
0.12 
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Change in slope (post-
intervention phase vs 
implementation phase) 
0.43 (-0.59, 1.44) 0.41 
The direction of the 
trend changes to be 
more in line with pre-
intervention trends, but 
the range of data make it 
difficult to interpret if 
this was a real change.  
 Immediate change in level 
(post-intervention period 
vs. implementation 
period) 
10.05 (-0.25, 
20.34) 
0.06 
 
Unplanned PICU transfers    
 Intercept 4.78 (3.33, 6.23)   
 
Pre-intervention trend 
-0.16 (-0.32, 
0.00) 
0.06 
There is a suggestion 
that unplanned PICU 
transfer were slowly 
reducing but this did not 
reach statistical 
significance.  
 
Change in slope 
(implementation phase vs 
pre-intervention phase) 
0.00 (-0.29, 0.28) 0.97 
No conclusions can be 
drawn although it is 
unlikely there was a 
major positive or 
negative shift during this 
period. 
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 Immediate change in level 
(implementation period 
vs. pre-intervention 
period) 
2.33 (-0.49, 5.14) 0.11 
 
 
Change in slope (post-
intervention phase vs 
implementation phase) 
0.24 (-0.11, 0.59) 0.19 
The unplanned transfer 
rate appears to increase 
but with wide confidence 
intervals. 
 Immediate change in level 
(post-intervention period 
vs. implementation 
period) 
0.66 (-2.55, 3.88) 0.19 
 
 
Mortality 
The overall all-cause mortality rate was 0.09 per 1,000 patient bed-days in the pre-
intervention period, 0.00 in the implementation phase and 0.00 in the post-intervention 
phase.  Due to a low rate of occurrence, it was not possible to model mortality trends 
over the different time periods (Figure 24A). 
Arrests 
The overall cardiac arrest rate was 0.09 per 1,000 patient bed-days in the pre-
intervention period, 0.00 in the implementation period and 0.00 in the post-
intervention period.  The overall respiratory arrest rate was 0.09 per 1,000 patient bed-
days in the pre-intervention period, 0.00 in the implementation period and 0.00 in the 
post-intervention period.  Due to a low rate of occurrence, it was not possible to model 
trends in cardiac or respiratory arrests over the different time periods (Figures 24B and 
24C).  
Unplanned transfers 
The overall rate of unplanned transfers from in-patient wards to PICU during the pre-
intervention period was 3.66 per 1,000 patient bed-days, compared to 3.12 for the 
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implementation period and 3.84 for the post-intervention period.  The equivalent rates 
for HDU transfers were 27.46 for the pre-intervention period, 23.92 for the 
implementation period and 24.38 for the post-intervention period. 
In the pre-intervention period, there was a downward trend in both HDU transfer rates 
(ß =-0.47, CI: -0.96, 0.02; p=0.07) and PICU transfer rates (ß =-0.16, CI: -0.32, 0.00; 
p=0.06) over time (Figure 24D and 24E).  The downward slope of the HDU transfer rate 
was even steeper during the implementation period (ß=-0.65, CI: -1.49, 0.18; p=0.14), 
before levelling off in relative terms (but continuing to slope downwards) during the 
post-intervention stage (ß=-0.43, CI: -0.59, 1.44; p=0.41).  The PICU transfer rate trend 
was relatively unchanged in the implementation period (ß=-0.00, CI: -0.29, 0.28; 
p=0.97), and then trended upwards during the post-intervention stage (ß=-0.24, CI: -
0.11, 0.59; p=0.19). 
PICU reviews 
The overall rate of PICU reviews during the pre-intervention period was 1.87 per 1,000 
patient bed-days, compared to 2.08 for the implementation period and 1.63 for the 
post-intervention period.  Due to a low rate of occurrence, it was not possible to model 
mortality trends over the different time periods (Figure 24F). 
Synthesis 
In this final section we consider how some of the clearer quantitative findings relate to 
qualitative observations.  Assessing the impact of the intervention on quantitative 
outcomes was challenging and so interpreting the quantitative outcomes in relation to 
the ethnographic observations should be treated with caution. 
Although a smaller hospital, Morriston implemented a number of organisational level 
system changes at an early stage in the ‘implementation period’ and this coincided with 
a decreased slope in adverse event rates during this initial twelve-month period.  As 
with the other DGH hospital, this reduction was largely driven by a decreasing trend in 
HDU transfers.  
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Chapter 9: Comparative analysis 
The previous four chapters have presented the cases study results; here we present the 
cross case comparative analysis. 
Paediatric early warning systems in context  
A central premise of the PUMA Programme is that local context conditions the 
paediatric early warning system in a healthcare organisation.  Case study differences – 
patient populations, ICT and physical infrastructures, organisation of medical and 
nursing work - impacted on the operation of local paediatric early warning systems.  
Shifting contextual factors over the study were also consequential for the functioning of 
paediatric early warning systems.  
Paediatric early warning system assessments 
The pre-implementation System Assessments revealed each site had its own fingerprint 
(Figure 25) and while not an objective measure as such, there are several points of 
interest when comparing the four sites.  
Figure 25: System assessment radar diagrams all sites 
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First, Morriston had weaker self-assessed performance across all PUMA Standard 
paediatric early warning system functions compared to the other three sites.  Second, in 
all cases both of the plan function and parental involvement in the detect function 
scored lower than other areas of the system.  All sites regarded parental involvement as 
central to their work, but none had formal processes in place for facilitating this.  There 
were challenges in all sites in ensuring shared situation awareness between nursing and 
medical teams.  Third, Noah’s Ark Hospital did not have PTTT, but the system 
assessment related to the relevant part of the wheel compares favourably with Arrowe 
Park and Alder Hey where PTTTs were in use.  Swansea did not have PTTT and the 
relevant self-assessment was lower than the other three sites, but this is in the context 
of lower overall scores.  Fourth, when we scrutinise the underlying reasons for the self-
assessment score in relation to the act function; a number of the sites (Alder Hey, 
Noah’s Ark Hospital, Morriston) identified specific challenges related to collective action 
across the nursing-medical boundary at nights and weekends.  
Improvement initiatives 
Three sites identified 4-5 improvement initiatives, with Morriston a clear outlier, 
selecting 15, perhaps reflecting the overall lower score. 
Across the sites, many initiatives related to issues for which existing interventions were 
unavailable or inappropriate and often involved multiple small interventions that 
adjusted existing processes at different places in the system (see Appendix 45, Table 69: 
Summary of Paediatric Early Warning System Improvement Initiatives Across all Case 
Studies).  For example, Morriston achieved some early changes to the ‘detect’ 
component of the paediatric early warning system, through an equipment inventory 
and the production of cards with information on normal vital signs parameters, which 
could be carried in nurses’ ID holders. 
In some cases, the team used the PUMA programme as a vehicle for implementing 
changes under consideration for some time.  For example, the new SOP for on call 
medical team handover at night and the weekend selected at Alder Hey.  
Some teams included initiatives in their Action Plan where work had already started.  
For example, the new observations chart and bespoke e-learning package adopted at 
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Morriston.  In some sites, changes were made to the paediatric early warning system 
but not formally included in the Action Plans because planning preceded PUMA, for 
example, the implementation of an electronic system in Arrowe Park.  
Finally, in some cases the System Assessment highlighted areas for improvement not 
included in the Action Plan, but which were addressed during the implementation 
phase.  For example, at Alder Hey an enthusiastic ward manager in the cardiac ward 
introduced safety huddles for the nursing staff and a step down check list from HDU and 
PICU addressing some weaknesses around PLAN.  
Implementation  
There were different implementation trajectories in each site, reflecting several factors.   
First, it depended on the specific initiatives selected and whether these were relatively 
quick fixes or minor adjustments to existing processes or whether they required more 
investment in development work, such as agreeing a new escalation policy.  
Second, it reflected the scale of work undertaken to embed the interventions, which 
related to organisational size and complexity.  With only one ward, implementation at 
Arrowe Park was relatively straightforward.  For the larger sites the process was more 
difficult and required more extensive engagement work and decisions about which 
initiatives should be implemented across the whole organisation, and which could be 
left to the local determination of wards.  
Third, it reflected the capacity of the improvement teams.  The single site PI in 
Morriston provided strong leadership for implementation, and delegated responsibility 
for leading on specific initiatives to identified individuals.  But an unplanned absence 
from work led to a loss of momentum during the implementation phase and highlights 
the potential risks of investing leadership exclusively in one person.  In Noah’s Ark, staff 
turnover made sustaining an improvement team challenging, and most of the initiatives 
were progressed exclusively by the site PIs.  Membership of the improvement team at 
Alder Hey also fluctuated, but here the energy of PIs was taken up by the requirement to 
oversee large-scale changes relating to the CQC inspection.  In Arrowe Park there was a 
clearly defined implementation/improvement team who took on responsibility for 
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different initiatives and meant that some of the initiatives were implemented fairly 
quickly.  
Initiatives 
All sites embedded changes to their paediatric early warning systems.  Selected 
initiatives were often adjustments to current processes, rather than the introduction of 
new, or externally developed, interventions.  Sites also selected different initiatives to 
address similar issues (e.g. improving staff awareness of children most at risk of 
deterioration was achieved through changes to handovers in one site; and through a 
white board in another).  
While all sites successfully embedded system changes, some initiatives were more 
difficult to implement.  Some initiatives were implemented but never embedded in 
practice and some initiatives were never implemented.  Please see Appendix 45, Table 
69 for a summary.  In several cases, initiatives required the negotiation of organisational 
constraints.  For example, the development and implementation of a new observation 
chart (Morriston) and a new escalation policy (Noah’s Ark) necessitated the navigation 
of complex governance processes, which delayed progress.  Aspirations to implement 
an electronic white board at Noah’s Ark had to be abandoned, because of insufficiencies 
in the organisation’s ICT infrastructure.  Efforts to restructure nursing and medical 
handovers at Morriston and Noah’s Ark were unable to proceed because of the 
challenges of adjusting medical and nursing shift patterns.  The aspiration to implement 
supernumerary status for the Nurse-in-Charge at Morriston was not possible within the 
nursing establishment figures. 
There were also examples of teams finding alternative ways of improving their systems 
when their first initiatives could not be implemented.  When efforts to restructure 
nursing and medical handovers proved too difficult, the teams implemented other 
mechanisms for improving shared situational awareness, for example, through the use 
of a whiteboard at Noah’s Ark and the Nurse-in-Charge routinely communicating 
children of concern to inform medical handover.  Similarly although implementation of 
the second safety huddle at Arrowe Park proved impractical, efforts to implement the 
initiative increased interactions with nurses and doctors based in PAU. 
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Many of the cases included training initiatives in their Action Plans.  Arrowe Park and 
Morriston both encountered challenges in releasing staff to attend and yet a 
comprehensive training programme was implemented across the whole organisation at 
Alder Hey as a CQC mandated requirement.  
In all sites, Action Plans included initiatives intended to implement more systematic 
approaches to involving parents in detecting and acting upon deterioration but with 
limited success.  An important barrier in this context was the impact that formalised 
approaches had on the professional identities of nurses.   
Several initiatives intended to integrate nursing and medical practices had to be 
abandoned.  It may be that the work practices and priorities of nursing and medical staff 
are too divergent to be integrated, and that alternative initiatives that create common 
ground are required.  A number of our cases implemented relatively simple 
interventions that achieved this aim.  For example, in Morriston minor modifications to 
the board round ensured that nurses and medical staff had a shared understanding of 
children of concern.  
Implementing all selected initiatives was simply not possible within the available 
timescales, either because of the need to implement across multiple wards (Noah’s Ark) 
or the desire to make multiple adjustments to the paediatric early warning system 
(Morriston) or because of other competing demands on the time and resources of the 
improvement team (Alder Hey, Noah’s Ark).  
Post-intervention paediatric early warning systems  
All sites successfully brought about changes aligned with the PUMA Standard most 
notably in relation to the planning function.  Indeed an important change across all sites 
was an increased awareness of the importance of shared understanding, and an 
embedding of a new language of ‘watchers ’(Morriston, Alder Hey, Arrowe Park) or 
‘sickest ’(Noah’s Ark) in all four organisations, sometimes as an explicit initiative and 
sometimes as a by-product of another intervention. 
Addressing equipment shortages was also important in a number of sites bringing 
about improvements in the detect function.  Improvements in the availability of 
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monitoring equipment was an important early improvement in Morriston, an increase 
in the number of portable computers reduced the delays between observing and 
recording activities in Alder Hey, and there were also improvements to monitoring 
equipment in Noah’s Ark. 
All sites recognised the importance of involving parents in detecting and acting on 
deterioration, but had limited success in implementing changes to the system.  While 
staff prided themselves on engaging with parents in the care of their children, not all 
parental concern was accorded the same legitimacy and more needs to be done to 
support staff in filtering concerns which are consequential for detection and escalation 
and those where interventions are required to address parent anxiety. 
Both sites with a PTTT in place at the start of the study continued using these.  Neither 
of the sites without a PTTT or score at the start of the study elected to introduce one as 
part of their improvement initiatives, although Morriston did implement a new 
observation chart with colour-coded vital signs thresholds.  The new observation chart 
was not implemented in A&E however, because key senior staff advocated PTTT and 
score use.  
Several sites also experienced significant paediatric early warning system changes, not 
formally included in their Action Plans, but which impacted on overall system 
functioning.  
Wider impact of PUMA 
Hawe et al have suggested that interventions should be conceptualised as events within 
systems. 210  There were a number of examples of the impact of the PUMA Programme 
beyond the specific initiatives that were implemented within the lifetime of the study. 
First, there was evidence that the intervention had encouraged both a systems 
orientation and a structure for thinking systematically about paediatric early warning 
system(s).  At Noah’s Ark, the team planned to use the PUMA Standard as a framework 
for reviewing critical incidents and the critical deterioration review which was 
implemented but not embedded at Alder Hey showed clear evidence of systems 
thinking.  Furthermore, at the close of the study, in Morriston work was underway to 
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develop training programmes with the University deploying the PUMA Standard and 
Wheel. 
Second, although the PUMA Programme did not eliminate power relationships, several 
of the nurses claimed that the process had been empowering, and valued working in a 
systems-oriented multidisciplinary way.  A number of senior nurses who had been 
associated with PUMA, implemented initiatives outside of the formal organisational 
Action Plan. 
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Chapter 10: PUMA Programme 
Evaluation 
Introduction 
The PUMA Programme was designed to support teams to develop contextually 
appropriate initiatives to optimise their paediatric early warning systems, drawing 
on local systems expertise.  It was underpinned by the OUTCOME approach, which was 
developed as part of the study, and intended to address many of the shortcomings of 
orthodox approaches to quality improvement (see Box 4, Chapter 4).  In this chapter we 
evaluate the PUMA Programme, reflect on the lessons arising from the process and their 
implications for the development and extension of the OUTCOME approach. 
Process overview 
The PUMA Programme was developed in collaboration with site PIs, who, as members 
of the monthly Study Management Group, were involved in the decision to change the 
research aims.  The changes to the study focus were multifaceted.  First, it required a 
shift away from PTTTs towards a whole-systems approach.  Second, it required the 
implementation and evaluation of an improvement programme with initiatives tailored 
to local context rather than a pre-determined PTTT.  Third, it required PIs to take on an 
improvement leadership role.  The study’s change in focus was significant, and despite 
the PIs close involvement in decision-making, they had ongoing concerns.  First, there 
was evidence of disquiet that the study would not address the debate about PTTTs 
within the paediatric community.  Second, some reported feeling ‘uncomfortable’ with 
the change in focus to an improvement-oriented model of research, a situation that in 
part reflected the fact that the OUTCOME framework outlined in Chapter 4 was less well 
articulated at this stage in the study.  Third, there was concern about the additional time 
commitment the new study focus required.  Working with and overcoming these 
concerns was ongoing over the lifetime of the study, producing insights that informed 
subsequent refinements to the PUMA Programme. 
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Set up 
The aim of the Set-Up Session was to formally introduce the PUMA Programme.  
Attended by all site PIs and a clinician from Arrowe Park, it covered: background to the 
PUMA Programme, the OUTCOME principles, the PUMA Standard and visual summary 
(PUMA Wheel), and instructions for administering the staff system assessment (SSAT) 
and family feedback tools (FFT). 
A key message was the changed focus from PTTTs to the whole system.  The PUMA 
Wheel, which visualised the PUMA Standard, was received positively as a useful way of 
communicating the core components of a systems approach.  PIs embraced this new 
focus to varying degrees.  The PUMA team’s explanations of the evidence base, 
underlying theory and how this had informed the key elements of the PUMA 
programme was persuasive for some. 
PI: When we started the whole project, I thought it was all about the PEWS score 
[…]  then what transpires… was that actually the PEWS is only one small part of 
it, and in fact… in itself may not be critical… that was quite a shock in a way, 
when that was suggested that the PEWS wasn’t the most important thing, it was 
quite a shock to me, but having thought about it and having sort of um you know, 
listened to the evidence and listened to the you know, to the thoughts behind it, 
it did make sense.  
For others, the shift away from a focus on PTTTs to the whole system was more difficult, 
and the continued expectation that the study would involve implementation of a PTTT 
was evident several months following the Set Up Session. 
There were also different views on the evidence base for the whole systems approach, 
with medical PIs accustomed to orthodox hierarchies of evidence, rather than the 
evidence that informed the PUMA Standard. 
PI: It makes sense that you have a whole systems approach…the evidence is 
there but it’s a different type than we are used to dealing with. 
One PI expressed concern that the changed focus of the study no longer constituted 
‘research’. 
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Felt that this wasn’t now a definitive randomized controlled trial, but a quality 
improvement programme; an exercise would be best run internally rather than 
as part of a wider study. [PI] said they needed to speak to [PUMA CI] […] Wanted 
to review the protocol.  
(PUMA Team Facilitation Notes) 
The challenges of instigating change within complex and resource-pressured 
environments, and securing organisational support, were repeatedly raised as potential 
barriers to success. 
PI: “You know, honestly there’s so many people employed in different hospitals 
whose job it is to be safety, quality, whatever, but the reality is that… that job is 
ticking boxes, providing reports.  And what you need are people who are out 
helping make sure these things happen”. 
(Fieldnotes)  
Following the Set-Up Session sites were charged with forming their improvement teams 
and undertaking an assessment of their local systems.  They were provided with 
multiple copies of the SSAT and FFT and a set of instructions for their use, guidance on 
improvement team creation, and a template to record improvement team membership 
and system assessment completion, and a slide set for use by PIs to introduce the PUMA 
Programme in their organisations. 
Formation of improvement teams 
PIs formed their improvement teams by firstly raising awareness of the need for 
improvement (e.g. by presenting at local meetings, or through informal discussions with 
colleagues), and subsequently enrolling those who were most engaged with the goal 
and who had sufficient capacity to take on an improvement team role.  The PIs adopted 
the role of implementation lead, but also recruited staff with these skills/background.  
For example, at Morriston, a medical team member had specific QI expertise, and at 
Alder Hey the team engaged with QI staff from the organisation during the early stages 
of implementation.  PIs selected individuals who were trusted and well known to them, 
 224 
 
considered to be improvement-orientated, capable of taking action, and had sufficient 
workload flexibility to contribute. 
PI: I knew that they would be hands-on with regards to get people to, to change 
where perhaps I couldn’t get the change […]… they are completer finishers. […] 
you’ve got to know your team […] And I think you’ve got to keep it as small 
enough team with the same sort of goals. […] So you’ve got to identify that people 
think, do you know something?  
PI: I think the key people have been um the Ward Manager and the two 
Advanced Nurse Practitioners, and I think we’ve been very lucky, very blessed to 
have two Advanced Nurse Practitioners who are both very keen, they, they also 
have got quite a lot of general wisdom, and have some flexibility within their 
work. 
At Noah’s Ark the PIs made progress without an improvement team and only sought 
to recruit members during the implementation phase.  One consequence of this is that 
the wider team had not been involved in the formative stages of the improvement 
process when decisions were taken about the changes that were required. 
PI: I kept getting nominated different names of people that would help me […] 
they didn’t really ever appear out of the woodwork.  That was partially me not 
having the time to engage them […] the few experiences I had of people coming 
to help me just made it more troublesome […] Because you think no that’s not 
what I wanted implemented and no, that’s not how we’re doing it. 
Only Alder Hey had a high level of organisational support for their initiatives, reflecting 
the CQC mandated changes rather than alignment with PUMA. 
System assessment 
The SSAT and FFTs were administered on a different number of wards in each site 
ranging from 1 in Arrowe Park through to 5 in Noah’s Ark Hospital.  Questionnaires 
were completed by representatives of all staff groups and by any family member on the 
ward on a given day and returned anonymously.  All teams found the task of 
administering the tools time-consuming and, at times, challenging to ensure all staff 
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groups were represented.  The high workload in the clinical environments was 
frequently cited as a barrier: 
PI: “there’s 101 other things going on… And then you dish it out … Have you 
done that form? Have you done that form?”  
(Fieldnote) 
The extent to which the SATs and the FFTs were successfully administered in practice 
differed across both sites and individual wards.  The number of questionnaires 
completed in each site ranged from 22 to 72 for staff; and 7 to 78 for families.  SSAT 
returns from mandatory staff group members were missing in some cases, and the 
quality of SSAT completion varied greatly.  
PIs were tasked with collating the results of the SSAT and FFTs and completing a 
‘summary assessment’ in collaboration with their improvement teams, with the aim of 
ranking their system against the PUMA Standard.  The original SSAT and FFTs were 
paper-based and the work of collating the information was time consuming.  This task 
was particularly demanding for the two larger sites, which had to review returns from a 
greater number of staff, working across multiple wards.  To facilitate the successful 
completion of the summary assessment, the PUMA study team provided support for the 
two larger sites.  If the approach is to be extended there is scope for information 
technology to both accelerate and automate this process. 
Notwithstanding the demands of the process, all four teams considered the system 
assessment to have value.  Discussing results and agreeing how to rank their system 
against the PUMA Standard was considered to be important.  They also proposed that 
the system assessment made the process of improvement easier, as it allowed them to 
engage staff groups from an early stage, providing on-the-ground evidence of good 
practice and evidence of areas for improvement.  
PI: It wasn’t just [site leads] plucking out what did we want to take forward, this 
is what everybody on the team has said needs improving. 
The original version of the FFT generated little information of value, with high scores 
being achieved on all measures.  Nevertheless, the Staff System Assessment tool allowed 
staff to identify areas of weakness in family engagement.  This area of weakness was 
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identified across all four sites.  The FFT was subsequently revised and expanded (the 
new version was co-developed by the PUMA study team and PPI group); an additional 
number of free-text questions were included, and the language used was clarified. 
In order to evaluate the utility of the system assessment tools the qualitative team, who were 
blinded to the site self-assessment results, carried out independent assessments drawing on the 
pre-implementation qualitative data.  There was considerable overlap in the results of the self-
assessment and independent assessments, conferring confidence that the SSAT provide an 
accurate assessment of paediatric early warning systems in practice (see Figure 26). 
Figure 26: System assessment comparison across sites 
Site 4 – based on observation data from 
qualitative case studies 
Site 4 – based on site self-assessment, using 
SSAT 
  
 
System assessment results 
The final stages of the system assessment involved teams using their SSAT and FFT 
results to facilitate discussions around their system strengths and weaknesses, produce 
their radar diagram, and prioritise areas for improvement.  One of the purposes of the 
assessment process was to highlight different perspectives on the functioning of the 
paediatric early warning system, providing a basis for a shared understanding of the 
potential areas for improvement.  For team members with a strong connection to front-
line practice, the PUMA system assessment results rarely presented new or unexpected 
information and did not disrupt established perceptions of their site’s system.  For these 
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team members, the results of the system assessment were considered to be informative 
and valuable, producing a 360-degree understanding of their local system, and 
providing clear evidence of key strengths and weaknesses.  The system assessment was 
also considered to be an effective method for producing such information, which 
compared favourably with other methods, such as audit. 
Improvement team member: I mean, we do do audits occasionally, but again, 
they're time consuming aren't they?  […]  I think it just helped confirm some 
things that we already probably had an idea of, but just getting the evidence, and 
saying actually yeah, we do need to look at this.  Look, this is the area… And it 
also gave us a bit of actually some of what we're doing is really good.  Which is 
nice feedback isn't it, as well?  
This did not mean that there was always agreement on the issues, but discussions 
around areas that lacked consensus were considered to be a valuable part of the 
process. 
Improvement team member: [W]e were looking particularly at the you know 
at the PEWS um you know everybody had different views… I think we got a little 
bit confused when we’re talking about the PEWS, more of the problems are more 
with our computer system, rather than the actual PEW score, but […] it’s good to 
hear from the mixed audience […] that was beneficial as well to get some other 
viewpoints on it. 
While mostly the results provided evidence of known issues in the system; at times 
collating views of different staffing groups challenged the assumptions about how 
effectively the system was working. 
The PUMA Programme was designed to encourage local ownership and the system 
assessment processes appeared to be effective in achieving this aim.  The importance of 
selecting initiatives that addressed issues relevant to front-line staff was repeatedly 
emphasised: 
PI: And for me the two big things have been it needs to be something developed 
on the ground […] It needs to be on the ward.  And it needs to be completely 
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clear, transparent that this isn’t about payment or coding or finances or activity 
or any kind of bullshit that none of us care about.  It needs to be about children. 
PIs capitalised on the persuasive power of their System Assessment in order to enroll 
front-line staff in improvement initiatives, and explain the rationale that lay behind the 
approach: 
PI:I found it exceptionally beneficial… to use [system assessment results] as a 
whipping tool to say “this is what you have answered as to what is wrong in your 
institution”.  It’s not what we think is what’s wrong with your institution, you are 
telling us that this is what you think is wrong. 
Action planning meetings 
Improvement teams attended a whole day workshop to begin planning their 
interventions.  These were facilitated by the PUMA team using system assessment radar 
diagrams to guide discussions around areas for improvement and the development of 
specific initiatives. 
Two sites attended action planning session (North); attendance was good with a large 
number of clinical staff attending from both sites alongside PIs and improvement team 
members.  Attendance at the action planning session (South) was more limited: just two 
clinical staff were able to join the PIs from one site and another PI attended alone.  
PUMA study members guided the content of the discussion and helped to ensure that 
intervention rationale and measurement strategies were discussed.  Although the action 
planning sessions were run separately, attendees at the action planning session (North) 
actively shared thoughts and perspectives, whereas there was less sharing of ideas and 
experiences at the action planning session (South). 
After discussion of strengths and weaknesses, improvement teams considered possible 
initiatives to address the issues identified.  Many of the identified solutions were for 
issues for which existing interventions were either unavailable or inappropriate and 
often involved multiple small interventions that adjusted and harmonised existing 
processes at different places in the system. 
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Developing action plans 
Following the action planning meetings, improvement teams developed their action 
plans, supported by a number of resources: ‘Action Planning Guidance’, worksheets, and 
the slides used during the Action Planning Sessions. 
The ‘Action Planning Guidance’ provided comprehensive details on the five steps to 
improvement and contained worksheets to record priority concerns, improvement 
aims, and intended timelines.  The structure of the document reflected the OUTCOME 
approach.  The focus was on the intended goals or functions to be achieved by the 
initiatives rather than their form, and teams were asked to specify the rationale for their 
selected initiatives.  Three sites identified broad areas for improvement and/or 
specific initiatives relating to areas of system weakness immediately following the 
workshop.  A fourth site took longer as the PI, who attended alone, wanted discussion 
with others in the service.  While all sites successfully worked through the process of 
identifying areas for improvement and the proposed initiatives, they found it tedious to 
document their thinking on the templates provided.  Feedback from the PIs suggested 
that they found the document complex and difficult to use, especially within the time 
available.  As an interim measure the PUMA team completed some of the templates on 
the PIs ’behalf.  These materials were subsequently revised and simplified and 
incorporated into the Implementation Guide. 
The PUMA Programme is founded on a functions–approach to improvement intended to 
facilitate context-specific interventions.  However, one of the main points of discussion 
in developing the Action Planning Guidance was whether to include examples of off-the-
shelf interventions to support improvement teams.  This reflected a concern that too 
little concrete information would prove daunting for teams more accustomed to top-
down improvement initiatives. The systematic review identified multiple interventions 
that had been developed to strengthen paediatric early warning systems, but there was 
little evidence that one was more effective than another in all contexts.  For example, 
there was evidence of multiple approaches to improving situational awareness of at-
risk children, including whiteboards, huddles, structured and standardised handover 
and supernumerary staff.  As a compromise, the guidance provided described 
interventions that had been used in different settings (e.g. PTTTs, educational 
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interventions, parental empowerment tools, and communication tools).  Only three 
tools were specified, but as examples of what others had done, rather than as 
recommended interventions: RESPOND (an educational intervention)211, SHINE (a 
parent communication bundle)212, and SBAR (a communication tool)213.  Detailed 
information about these interventions and how to implement them was not included.  
While all teams successfully developed contextually appropriate improvements, early in 
the process, some expressed surprise at the lack of resources or references that were 
made available.  
Although the exemplar tools (SHINE, SBAR, RESPOND) were intended to function only 
as illustrations of what clinical teams had done to improve detection of deterioration 
elsewhere, two of the four PUMA sites included the SHINE tool within their final action 
plans.  Their inclusion was not a result of an outcomes-oriented action planning 
process, and was not directed towards improving specific weaknesses in their local 
system, and attempts at implementation were not successful; improvement team 
members and clinical staff reported that there had been little ‘buy in’ from on-the-
ground clinical staff at both sites.  In the final version of the Implementation Guide, we 
included different examples of contextually appropriate initiatives developed in the 
case study sites. 
Measuring progress 
The Action Planning Guidance directed PIs to consider how they would meaningfully 
measure progress relating to each of their improvement initiatives.  Teams were asked 
to identify specific process, outcome and balancing measures.  This was achieved to a 
limited extent; some PIs engaged in auditing activities, asking staff to confirm via 
signature their review and understanding of a written policy, and observing clinical 
teams to gain an understanding of how often they highlighted at-risk patients during 
handover.  For most of the initiatives implemented however, sites struggled to identify 
achievable strategies for measuring progress, and once again asked for further 
guidance:  
PI: [W]hen [PUMA study team member] came out to talk to us and we’re saying 
how is that measurable? How is that.. It does make you think more about the entire 
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process and making sure that it is measurable because it could be open to criticism 
if you don’t.  
Discussion about how to assess certain initiatives […] talked about huddles and 
the difference between a tick-box exercise in confirming that they were 
happening and evaluating how good they actually were – was keen for 
guidance/resources on how to achieve that. 
(Fieldnotes) 
The fact that sites struggled to develop methods for measuring progress in 
implementation has parallels within the wider literature.214 
Facilitation 
In addition to the set up and action planning events, the PUMA team provided support 
to PIs throughout the implementation process.  This was in recognition of the fact that 
the OUTCOME approach and PUMA Programme resources were being refined and 
developed in parallel with the implementation process through a process of reciprocal 
learning.  These took the form of individual phone and/or email based support and site-
specific face-to-face meetings.  All PIs either attended or contributed to the face-to-face 
meetings, and two sites chose to use facilitated telephone calls, during which a PUMA 
study team member provided tailored support, reviewing and explaining the intended 
aims and improvement steps of the PUMA Programme, and assisting with problem-
solving in relation to specific initiatives.  Those who most frequently took up 
opportunities to engage in PUMA-led facilitation valued regular contact with the study 
team, not simply because it helped advance their understanding of the Programme, but 
because it helped to sustain momentum. 
PI: To a certain extent kept me going at the times when I was just thinking this is 
too much.  I didn’t realise the work I was going to have to put into it… [PUMA 
study team member] would say yes that’s great, or that isn’t, or you should have 
done that.  They’d just listen, and say well that’s been difficult because of this, 
this and this, and that is invaluable. 
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PI: [T]he catch-ups were very beneficial… Because they kept you on path, they 
made both [PI] and I make the time in our diaries to sit there and go through 
what we had achieved […] if you didn’t have that […] whether you would put it to 
the back burner […] without the steer.  
Sustainability 
The aim of the PUMA Programme was to create structures to support a learning system.  
Leading a system wide improvement programme demanded a considerable 
commitment of time and resources, different skills and a changed perspective.  Building 
and sustaining commitment in these circumstances required substantial effort.  At the 
end of the study, there was evidence of continuing improvements in some sites, a 
recognition that the PUMA Programme was a cyclical process, and proposals in some 
sites to use the PUMA Standard as a structure for systematically assessing critical 
events.  Nevertheless, it was difficult to predict how far the PUMA Programme had 
created a learning system so that improvements are sustained over time.  Only two 
sites, Noah’s Ark and Alder Hey, completed a second system assessment and expressed 
interest in annually repeating the process.  
Refinements to the PUMA Programme 
The PUMA Programme was developed iteratively over the lifetime of the study and the 
materials and resources were refined in response to feedback from the PIs and our 
experiences of the materials in use.  This included a simplification of the.  PUMA 
Standard and PUMA Wheel, SSAT and FFT, and revisions to the resources and templates 
to support improvements.  These were collated in an Implementation Guide (see 
Supplementary Material 3: PUMA Implementation Guide).  While on-going facilitation 
was necessary in the context of the study because of the iterative nature of the 
Programme’s development, PUMA is intended to be a parsimonious intervention, so 
that it might be adapted and replicated widely if proven successful.  In light of our 
experiences, we added a third formal facilitated workshop to the Programme support, 
based on the assumption that on-going facilitation is unlikely to be practical.  These 
changes were evaluated in an additional three sites with no prior involvement with the 
study. 
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The three sites received the Implementation Guide and three facilitated sessions, 
including the additional session on implementation (see Table 17).  There was strong 
engagement with the process and the sites were quick to understand and adopt the 
systems approach.  There was a similar gap between the Set Up and Action Planning 
Session (3 months for pilot sites; 4 months for original sites).  When pilot sites returned 
for the new Implementation Session 4 months later, they had already made 
considerable progress with implementing initiatives identified during the Action 
Planning Session.  
Table 17: Summary of support and resources provided in final version of the PUMA 
programme 
Improvement Step Facilitated workshop Materials and resources sent 
to PIs 
1. Form an improvement 
team 
‘Set-up’ session Implementation Guide, 
including 
• PUMA Standard (and 
PUMA Wheel) 
• Staff System Assessment 
Tool and Family Feedback 
Tool 
• Instructions on following 
each of the five steps for 
improvement 
• Examples of initiatives 
implemented from the 
four original sites  
2. Assess the system ‘Set-up’ session 
3. Select and plan 
improvement initiatives 
‘Action planning’ session 
4. Implement and review 
initiatives  
‘Action planning’ session 
 ‘Implementation’ session 
5. Sustain Progress ‘Implementation’ session 
 
Two sites had introduced safety huddles; two had updated their observation and 
escalation policy, one site had developed written parent information about raising 
concerns and added ‘parent concern’ to their PTTT.  Further work was planned to 
 234 
 
improve communication between different staff groups, and to develop a staff training 
programme on paediatric early warning systems.  The pace of implementation appeared 
to be much quicker than in the original four sites, although this may in part be due to 
their size (all DGHs). 
The impact of these changes was not formally evaluated in each site because of study 
resource limitations.  However, a questionnaire evaluating the PUMA Programme was 
completed by PIs in all three sites, and all stated that they would repeat the process of 
assessing the system, identifying areas for improvement, selecting and implementing 
solutions, to attend to contextual changes occurring in practice and assess the impact of 
improvement processes: 
"We will have new junior doctors- so will be very useful to repeat the exercise 
and compare the two results"  
(Questionnaire - Site 5) 
"There have been operational and strategic changes to the Trust and ward which 
necessitates a repeated system assessment"  
(Questionnaire - Site 6) 
"Going to use the PUMA system assessment to see whether changes have 
improved scoring in area's identified using system"  
(Questionnaire - Site 7) 
Summary 
The shift from PTTT to a whole-system approach, and the process of implementing and 
iteratively developing the PUMA Programme, made the implementation process more 
challenging for the original four sites.  Feedback from the teams led to revisions of 
resources and support provided, which were piloted in an additional three sites.  These 
sites made significant progress in a shorter time-scales suggesting that the revised 
PUMA Programme, including Implementation Guide and three facilitated sessions, could 
be rolled out without additional facilitation.  
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Chapter 11: Discussion and 
Conclusions 
The PUMA journey 
The PUMA study was commissioned to implement and evaluate a PTTT based on best 
available research evidence.  Three linked systematic reviews did not support the 
continued focus on PTTTs and the study aims were revised to focus on the 
development, implementation and evaluation of a novel paediatric early warning 
system improvement programme: the PUMA Programme.  This chapter summarises the 
key study findings, considers their implications for practice, policy and research and 
sets out next steps. 
 
Summary of findings 
Aim 1: Identify through systematic literature review evidence for the core components 
of effective paediatric track and trigger tools and paediatric early warning systems. 
Two quantitative reviews of the literature found little high quality evidence on the 
validity and effectiveness of PTTS at reducing mortality and critical events in 
hospitalised children.  Nevertheless, qualitative evidence suggests that as part of a 
wider paediatric early warning system PTTTs have value: they take knowledge to the 
bedside offering support for less experienced staff, they act as prompts to action and 
lead to more systematic approaches to monitoring and detection, they facilitate 
situational awareness and they can support nursing-medical communication by 
providing a common language. 
The literature in this field is heterogeneous and stronger on the socio-material barriers 
to successful paediatric early warning systems than the effectiveness of individual core 
components.  These barriers include lack of access to appropriate monitoring 
equipment, inadequate staffing levels, insufficient staff skills and knowledge, lack of 
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situational awareness, poor communication across professional boundaries, uncertain 
escalation policies, and unsupportive organisational cultures that deter escalation. 
An emerging literature highlights the importance of planning and indicates that 
combinations of interventions (nurse coordinator, white boards, safety huddles) may 
facilitate situational awareness of at risk children and escalation plans across the wider 
clinical team.  Professional judgement is also important in detecting and acting on 
deterioration and the evidence points to the importance of a wider organisational 
culture that facilitates its use, with or without a PTTT.  Family involvement in detecting 
and acting on deterioration is a growing area of interest; innovative approaches are 
required that are sensitive to the cognitive and emotional resources this requires.  
A number of interventions to improve paediatric early warning systems have been 
proposed and some have been evaluated, but there is limited evidence to recommend 
their wider use.  This reflects both the weight and quality of the evidence, the extent to 
which paediatric systems are conditioned by the local clinical context, and the need to 
attend to the relationship between system components and interventions, which work 
in concert not in isolation. 
No studies were located that adopted a whole systems approach to improving processes 
for detecting and acting on deterioration in hospitalised adults or children. 
 
Aim 2: Identify through systematic literature review contextual factors consequential 
for paediatric track and trigger tool and early warning system effectiveness. 
The hermeneutic qualitative literature review highlighted a number of preconditions 
for PTTT use: the availability of appropriate and functioning equipment, adequate 
staffing, and an appropriately skilled workforce.  TTTs are also deployed differently 
depending on the experience of the user.  For juniors and healthcare support workers, 
they provide a methodology and structure for monitoring clinical instability and 
identifying deterioration, whereas more experienced staff reportedly use TTTs as 
technologies for augmenting professional judgement.  This is important; TTTs may be of 
less value in detecting deterioration in patients with long-term conditions because of 
altered normal physiology or where subtle changes are difficult to detect. 
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System effectiveness also requires attention to the socio-material relationships in the 
local context, senior support and leadership, and continuous monitoring and 
improvement.  
While an empirical synthesis was not possible because of the heterogeneity of the 
literature, by deploying social theories we were able to draw logical inferences from the 
review paying particular attention to the evidence on barriers to successful paediatric 
warning systems.  We analysed the evidence using TMT to develop a propositional 
model specifying the core functions (Monitor, Record, Interpret, Review, Prepare, 
Escalate, and Evaluate) and minimum socio-material requirements of a paediatric early 
warning system (the PUMA Standard).  The PUMA Standard was expressed as 
conceptual requirements rather than specific interventions, to allow the development of 
locally tailored approaches.  Informed by clinical experts and parents, the PUMA 
Standard laid the foundations for the PUMA Programme (see Figure 4, Chapter 4).  
 
Aim 3: Develop and implement an evidence-based paediatric early warning system 
improvement programme (the PUMA Programme)  
The PUMA Programme is based on OUTCOME, a novel approach to service 
improvement informed by TMT and NPT which was developed as part of the study.  
OUTCOME draws on insights from IS and QI and is designed to overcome the limitations 
of orthodox approaches to improvement by harnessing local expertise in seeking 
contextually appropriate initiatives to improve systems.  Rather than specifying an 
intervention and asking the realist evaluation question of ‘what works, for whom, in 
what way, and in what circumstances?’, OUTCOME inverts this logic to ask ‘what is our 
desired outcome and how might this be achieved in a particular context?’.  The PUMA 
Programme comprised the PUMA Standard, PUMA Wheel, SSAT and FFT, 
Implementation Guide, workshops, and structured facilitation.  
The PUMA Programme was implemented in four study sites and refined iteratively in 
response to user feedback and our experiences of the materials in use.  The 
improvement teams positively evaluated the system assessment process as a 
mechanism for generating a shared understanding of system strengths and weakness.  
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Site System Assessment results concurred with independent system assessments 
undertaken by the qualitative researchers affording confidence in the process.  There 
was considerable variation in assessments of strengths and weaknesses between the 
sites, indicating each system had its own fingerprint, which reflected the socio-material 
conditions of the local context.  All sites identified the need to strengthen planning 
process to ensure team situational awareness and develop more formalised processes 
for involving parents in the care of their child.  
Each site developed an action plan intended to bring about system changes in alignment 
with the PUMA Standard.  Many of the initiatives identified by improvement teams were 
intended to address issues for which existing interventions were either unavailable or 
inappropriate and often involved multiple small interventions that adjusted and 
harmonised existing processes.  Sites also selected different initiatives to address 
similar issues (e.g. improving staff awareness of children most at risk of deterioration 
was achieved through handovers in one site; and through an electronic site board in 
another). For a summary of initiatives see Table 18. 
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Table 18: Summary of embedded site initiatives against propositional model (PUMA Standard) 
 Proposition Site 1 initiatives Site 2 initiatives Site 3 initiatives Site 4 initiatives 
D
E
T
E
C
T
 
 
Detection of 
deterioration depends 
on timely and 
appropriate 
monitoring, recording 
and interpretation of 
vital signs and relevant 
risk factors. 
1. Developed a tool 
to encourage 
family 
engagement 
2. Retraining on 
PEWS 
recognition and 
response to 
deterioration 
including NICE 
sepsis screening 
for front-line 
clinical staff 
  1. Observation 
policy updated 
and disseminated  
2. Posters and cards 
for staff used to 
signpost 
abnormal 
thresholds for 
vital signs  
3. Observation charts 
updated to include 
normal age-related 
thresholds 
disseminated 
4. Inventory of 
equipment 
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conducted 
P
L
A
N
 
Planning depends on 
reviewing indicators of 
deterioration for each 
patient, staff being 
aware at ward level of 
the status of individual 
patients and the 
availability of skills and 
resources, and 
preparing an 
appropriate response.  
 
 
3. Implement SOP 
for out of hours 
working for on-
call medical 
teams – 
prioritising 
sickest children 
(hospital-wide) 
• Initially planned 
to introduce 
second daily 
huddle, but it 
was not deemed 
possible. More 
frequent 
telephone calls 
between the 
ward and PAU 
introduced and 
the two areas 
now share a 
rotation of Band 
6 nurses. A safety 
huddle takes 
place at 9am on 
1. Introduction of 
electronic site 
board 
2. Senior nurses 
now phone 
through to 
doctors’ 
handover if they 
have any 
concerns about a 
particular patient 
5. Plans to 
establish a staff 
training course 
on situational 
awareness were 
amended; 
situational 
awareness now 
included in 
statutory 
training days 
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the main ward 
now seems to 
have taken on 
the momentum 
for addressing 
what the second 
daily huddle 
initially set out to 
do. 
• Initially planned 
joint handover 
sheets, using 
SBAR, but was 
not deemed 
possible. Nurses’ 
handover sheet 
changed to SBAR. 
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A
C
T
 
Action depends on 
clear escalation and 
response and 
evaluation processes.  
  3. Introduction of 
new escalation 
policy 
6. Escalation policy 
reviewed and 
disseminated  
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Aim 4: Evaluate the effectiveness of the PUMA Programme by examining changes in 
clinical practice and core outcomes trends. 
All sites successfully embedded system changes aligned with the PUMA Standard.  All 
sites brought about system changes so that there was a shared understanding of 
children at risk.  Equipment shortages were also addressed in several sites.  At Alder 
Hey, implementation of the PUMA Programme coincided with a CQC report, which 
precipitated large-scale mandated organisational level system changes, all of which 
addressed areas of weakness in the site System Assessment, but were not formally 
implemented as part of the PUMA study. 
Across all sites, some initiatives were implemented but never embedded in practice and 
some initiatives were never implemented.  Several initiatives intended to integrate 
nursing and medical practices to improve situational awareness were abandoned and 
all sites endeavoured to implement more systematic approaches to involving parents in 
detecting and acting upon deterioration but with limited success.  
All sites experienced wider system changes that impacted on their paediatric early 
warning systems and in some sites new interventions had mixed effects across the 
system – conferring improvements in some areas and generating challenges in others. 
Developing and implementing the PUMA Programme was a significant change in focus 
in the PUMA study and building and sustaining the commitment of site PIs required 
considerable effort.  At the end of the study, it was difficult to predict how far the PUMA 
programme had created a learning system – Principle 6 of OUTCOME - to sustain 
improvements over time. 
Assessing the impact of the PUMA Programme on quantitative outcomes was 
challenging because of the low event rates for hard clinical outcomes, particularly in the 
DGHs with smaller in-patient populations.  Nevertheless, several of the clearer 
quantitative findings appeared to relate to qualitative observations.  The multiple 
organisational level system changes implemented at Alder Hey were associated with 
significant improvements in clinical outcomes.  Morriston implemented several 
organisational level system changes at an early stage in the study, which coincided with 
a decreased slope in adverse event rates.  Arrowe Park introduced a safety huddle and 
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electronic recording, which strengthened some aspects of the local system and 
weakened others.  Quantitatively, there was no obvious ‘interruption’ to the adverse 
event rate over time.  Noah’s Ark introduced several initiatives in certain wards, but 
implemented no organisational level changes.  The interrupted time series analysis gave 
a mixed picture. 
Aim 5: Identify the key ingredients of successful implementation and normalisation of 
the PUMA Programme. 
Overall, our findings indicate a number of key ingredients for successful 
implementation and normalisation of the PUMA Programme. 
First, improvement teams need to understand the OUTCOME approach and how this 
differs from orthodox improvement processes in the UK NHS (see Table 7 and Box 4, 
Chapter 4).  The process evaluation and our experiences from the additional pilot sites, 
indicate that improvement teams engaged with the OUTCOME approach and have a 
strong sense of ownership over the improvement process, but require support and 
encouragement to develop local approaches to system problems rather than reaching 
for off the shelf solutions. 
Second, planning for improvement needs to include a mechanism for identifying where 
within the organisation initiatives are to be implemented – ward, department, hospital; 
the implications of improvement plans for governance processes; and who is formally 
responsible for leading improvement project initiatives. 
Third, it is important that improvement leaders enroll others in identifying areas for 
improvement and agreeing shared goals.  This is necessary to ensure that views and 
experiences from a broad range of staff are captured and that staff are engaged in the 
process of improvement.  
Fourth, improvement teams need organisational support and resources for 
improvement.  While frontline staff and service managers are best placed to identify 
issues and implement solutions, in the PUMA study improvement leads did not have 
dedicated time to undertake improvement work.  Improvement activity should be 
factored in to the overall workload to ensure that those best placed to do the work are 
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able to commit the time.  Furthermore, as others have observed, there is a need to 
invest in improvement skills in healthcare. 
Fifth, in order to generate learning systems, teams need to build the PUMA Standard 
into routine improvement processes. 
Additional insights 
In addition to findings relating to the research aims, the study generated important 
insights into the qualities of paediatric early warning systems.  First, our in-depth 
ethnographic analysis of the study sites highlighted how wider changes in the 
organisation - workforce, key individuals (consultants, ward managers, senior nurses), 
fluctuating demand, infrastructure and technology - influenced the operation of 
paediatric early warning systems.  Second, we have shown how interventions can have 
different impacts across the system and distributed costs and benefits.  The insights 
indicate the importance of continuous improvement processes and regular assessments 
of system function as well as processes to map the implications of planned change 
across the system and the staff involved. 
Implications for policy and practice 
From PTTT to the formalisation of a whole systems approach 
Within the paediatric community there has been considerable interest and debate about 
the potential of PTTTs to improve processes for detecting and acting on deterioration in 
hospitalised children.  While there is little evidence for the effectiveness of any specific 
tool in reducing mortality or critical events, PTTTs do have value as mechanisms for 
coordinating action across clinical teams but they depend on certain preconditions for 
their use.  Additionally, paper-based and electronic PTTTs function differently within 
the overall system.  At the time of writing, there is a policy impetus for the 
implementation of national PTTTs, and on the basis of our findings there is no good 
reason to question such initiatives.  It is increasingly clear, however, that PTTTs are not 
the sole solution to improving processes for detecting and acting on deterioration and 
should be implemented as part of a wider systems approach.  Indeed, over the life of the 
study there has been a growing professional awareness of the need for a whole systems 
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approach to improving processes for detecting and acting on deterioration, but hitherto 
no formal framework has existed for improvement purposes.  The PUMA Standard 
addresses this need. 
Localisation and standardisation 
A central tenant of the PUMA Programme is that paediatric early warning systems are 
shaped by the local organisational context, and the overall philosophy of OUTCOME is to 
enable context-appropriate approaches to improvement.  Our findings highlight how 
factors such as technology, architecture, shift patterns and the social organisation of 
nursing and medical work all impact on the functioning of the system and condition the 
options for intervening to bring about improvement.  We have shown how the PUMA 
Programme facilitated locally tailored approaches oriented to a common standard 
across the varied service contexts in four study and three pilot sites, and as such it has 
value as a framework for continuous improvement across diverse national and 
international contexts.  Implemented at scale, there is also the potential for shared 
learning across health care systems, where organisations with similar contextual 
conditions share successful approaches to the same problem.   
While the overall philosophy of the PUMA Programme highlights the importance of local 
context-appropriate approaches to improving paediatric early warning systems, the 
study findings point to a number of areas where common standards may have value. 
First, clinical expertise is an essential component of any paediatric early warning 
system, and staff turnover has potentially disruptive effects.  Professional development 
is thus a critical component of all systems.  While two sites struggled to embed 
educational programmes, where this was a mandated requirement, this was 
successfully implemented.  There are compelling examples elsewhere, where mandated 
multidisciplinary training has brought about improvements in practice 215, 216 an 
approach which merits further consideration in the context of paediatric early warning 
systems.  
Second, lack of access to appropriate monitoring equipment impacts negatively on the 
system.  A process to ensure the correct equipment is available and functioning is a 
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prerequisite of any paediatric early warning system irrespective of the singular features 
of local context. 
Third, all sites recognised the importance of involving parents in detecting and acting 
on deterioration but had limited success in implementing changes to the system.  
Parental involvement in the detection of deterioration is difficult to address outside of 
wider strategies to facilitate parental involvement in their child’s care. 
Learning systems 
The PUMA Programme provides structures to support a learning system and our 
insights on the dynamic qualities of paediatric early warning systems indicate that 
regular assessment of system functioning has value in order to intervene to ensure 
alignment with the PUMA Standard.  At the end of the study, some sites proposed to use 
the PUMA Standard as a structure for systematically assessing critical events.  Beyond 
critical incident analysis, however, the PUMA Standard and assessment tools offer 
resources for systematically appraising paediatric early warning system functioning as 
part of a continuous improvement culture.  In other areas of healthcare practice, 
checklists have value in ensuring all the elements necessary to an activity are lined up in 
the right place and at the right time.  However even when their use is mandated, 
checklists all too often lose their effectiveness as staff bypass processes they feel are 
redundant.  PUMA offers a self-evaluation approach that engages staff in understanding 
local challenges they need to address and offers structures to support systematic and 
rigorous local improvement efforts in relation to a service standard.  Embedded in 
PUMA is the understanding that the context of care is continuously changing and as 
such it encourages a framework for deterioration review and the ability to set local 
stands for audit.  
Detecting and acting on deterioration beyond paediatric hospital wards 
The PUMA Standard is functions-oriented so it has applicability beyond paediatric in-
patient wards.  Work is already underway to implement the PUMA Programme in Qatar 
where it has been deployed to bring about improvements in a Paediatric Emergency 
Department, which has now been open for two years with 100,000 patients presenting 
per year.  There is also scope for extending the approach to address global health 
challenges in developing healthcare systems, where rescue trajectories must be 
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implemented in conditions of significant socio-material constraint.  Beyond paediatrics, 
TTTs have been deployed widely in adult care contexts in order to identify signs of 
deterioration.  While there is stronger quantitative evidence for TTT use in terms of 
clinical outcomes, here too more work is needed to understand the core components of 
early warning systems and the mechanisms of action of TTT within an overall system.220  
Because it is underpinned by a functions-based approach, with minor adjustments, the 
PUMA Programme has applicability for use across other patient populations beyond 
paediatrics.   
Wider application of OUTCOME to healthcare improvement  
In the face of disappointing results in over a decade of activity to bring about 
improvements in healthcare quality and safety, there is a growing recognition of the 
need to move away from top down solutions informed by a cause and effect logic, to 
embrace more locally tailored approaches founded on an understanding of healthcare 
as a complex adaptive system.206  In the context of this paradigm shift, the OUTCOME 
approach could be extended to other areas of healthcare organisation and delivery, 
where there is a desire to adopt new approaches to service improvement.  
In PUMA the PUMA Standard and associated assessment tools were central to the 
improvement programme and a distinctive feature of the OUTCOME approach.  
Development of the PUMA Standard – through three systematic reviews and 
consultation with clinicians and parents - required significant expertise and resources.  
Alternative less resource intensive approaches might include the use of existing clinical 
guidelines or service level specifications.  Standards could also be agreed through 
conducting a Delphi study or through professional consensus.  In the longer-term a 
logical corollary of an OUTCOME approach is the generation of outcomes-focused 
systems standards through the use of new methods for systematic reviews and 
guideline development. 
OUTCOME also provides a mechanism for patient and public involvement in quality 
improvement processes.  In the PUMA study there was patient and public involvement 
in the initial stages of the project in agreeing the goals to be achieved (Principle 1) and 
local system assessment (Principle 4), but going forward there is scope for this to be 
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extended to include defining local initiatives (Principle 5) and learning systems 
(Principle 6).   
 
Implications for Research 
Quantitative outcomes for evaluating deterioration in paediatric contexts 
Determining the impact and effectiveness of the PUMA Programme using quantitative 
measures of in-patient deterioration was challenging.  The original commissioning brief 
related to interventions to reduce mortality and so our primary outcome (‘adverse 
events’) was a composite measure that included this measure and other related clinical 
metrics such as respiratory arrests and unplanned intensive care presentations. 
The decision to use a composite metric for the primary outcome mirrors what has been 
done in many other single-site effectiveness studies of paediatric early warning system 
interventions.196  As with other studies, it was largely a pragmatic decision, reflecting 
the low event rates of individual clinical outcomes such as mortality and arrests in 
hospitalised children.  Even using this composite outcome, incorporating unplanned 
HDU and PICU transfers, we observed several zero months in our smallest DGH.  Low 
event rates for key outcome metrics in DGHs point to the difficulty in assessing changes 
over time in smaller hospitals, and a key reason that the literature on paediatric early 
warning systems is currently dominated by studies conducted in large specialist 
centres.  
Mortality is significantly lower in children than in adult in-patient settings,1 there is an 
on going decline in child mortality over time,2 and even in-patient deterioration is 
a relatively infrequent occurrence in the context of large numbers of children moving 
through a hospital in a short space of time.3,4  Our review of the literature also indicated 
huge variations in the definition of outcome measures, which makes synthesis and 
comparison difficult (see Chapter 3).  Analytic approaches to rare event modelling, such 
as Bayesian Belief Networks, could be adapted from other fields in order to support the 
focus on preventing these events, however a clear assessment of potential is required.  
Much of the safety literature on rare events requires clear causal pathways to be 
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identifiable and measurable and the complexity of child deterioration and death may 
not be amenable to such approaches.  
Including HDU and PICU transfers as markers of in-patient deterioration is common in 
the literature, but not without its problems.  As we were able to demonstrate in the 
qualitative work, use varies in response to other system pressures or changes in clinical 
practices of senior staff. 
Our findings lend weight to debates about the appropriateness of downstream 
individual level outcome measures in this field and point to the need to reach 
agreement on up-stream indicators of paediatric early warning system performance, for 
example, measures aligned with the seven functions (Monitor, Record, Interpret, 
Review, Prepare, Escalate, and Evaluate) comprising the PUMA standard, for example 
monitoring compliance, situational awareness, parental involvement, staff knowledge 
and skills, or organisational culture in relation to escalation.  The PUMA Standard offers 
a valuable framework for progressing this thinking, through consensus methods, such 
as a Delphi Study.   
Relational coordination in paediatric early warning systems 
All of the study sites identified the need to address communication between nursing 
and medical teams to bring about improvements in situational awareness.  Sites 
identified a mixture of structural and relational initiatives to improve inter-professional 
coordination.  All sites experienced challenges in implementing structural approaches 
to coordination by closer alignment of nursing and medical organisational 
arrangements, and in two sites efforts to augment relational coordination through the 
introduction of supernumerary status of the Nurse-in-Charge were not successful.  Our 
findings suggest that senior nurses have a central role in ensuring situational awareness 
in paediatric early warning systems, but this is constrained by the requirement to carry 
a clinical caseload.  Research in other areas of healthcare have shown the importance of 
nurses in coordinating care across the interdisciplinary team.208  Given the challenges of 
structural approaches to coordination, new research is necessary in order to explore 
the costs and consequences of models of nursing that facilitate implementation of a 
supernumerary nurse coordinator role. 
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Extension of the approach 
There is potential for further research to examine the extension of the approach to 
other paediatric contexts and other areas of healthcare practice.  Of particular interest 
is whether the PUMA Programme has value in improving paediatric early warning 
systems in developing healthcare systems, where the socio-material contexts for 
practice differ widely from the UK NHS and how far the PUMA Standard may have 
applicability in the adult care context.  In addition, there would be value in further 
research which deploys the OUTCOME framework to address other areas of healthcare 
practice beyond paediatric early warning systems, where system complexity continues 
to confound service quality and patient safety, for example, the organisation of hospital 
discharges or the management of complex continuing care arrangements in the 
community. 
Evaluation of impacts of mandated and voluntary system improvement programmes 
The PUMA Programme was explicitly designed to harness local systems expertise in 
order to bring about contextually appropriate improvements.  The approach was 
informed by insights from a critical body of work in improvement science, which has 
highlighted the limitations of the top-down solutions-driven models typical of modern 
healthcare systems.  Our findings highlight the challenges of locally led improvement in 
the absence of organisational sponsorship (in three of the study sites) as well as the 
potential impacts on clinical outcomes on goal-oriented mandated system level change, 
as illustrated by the example of Alder Hey.  Further research is needed to explore how 
approaches to improvement that are goal-oriented and locally owned could be 
strengthened through a mandatory framework.  In particular, research to examine the 
likely impacts of mandating a system wide improvement programme in the context of 
paediatric early warning systems merits serious consideration. 
The value of TMT as a theoretical framework for complex systems research 
TMT is a new theory, which was used for the first time in this study to inform the 
hermeneutic systematic review, the development of the PUMA Standard and qualitative 
data generation processes.  As Davidoff et al. argue, there is an urgent need for the use 
of more formal theory in improvement research, not least because it facilitates learning, 
accumulative understanding and knowledge transfer.221  The PUMA study indicates that 
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TMT offers a useful framework for understanding complex organisational systems that 
is grounded in the material and cognitive processes through which healthcare activities 
are accomplished and the relational mechanisms that support or inhibit concerted 
action and thus has value for future research.   
Study strengths and limitations 
We carried out three linked reviews of the literature which provided strong evidence 
that PTTTs were not the sole solution to improving detecting and acting on 
deterioration in hospitalised children and that a whole systems approach was indicated.  
We analysed the review evidence using TMT to specify the core functions of paediatric 
early warning systems and the minimum socio-material requirements to enact these 
functions.  TMT is a new theory, which has been applied for the first time in the PUMA 
study where it provided the framework to apply a whole systems approach to service 
improvement around a particular service goal (rather than a discrete intervention) and 
informed the development of the PUMA (system) Standard.   
Building on the PUMA Standard, we developed a paediatric early warning system 
improvement programme, underpinned by an innovative approach (OUTCOME). 
Informed by NPT, TMT and the model for improvement, the OUTCOME approach was 
designed to overcome some of the weakness of orthodox approaches to improvement 
building on insights from QI and IS to offer principles, structures and theories to 
support sustainable locally embedded improvements to achieve an agreed outcome.  
Despite increasing calls for closer integration of QI and IS for faster and more effective 
improvement,201,202,203 there are few examples of improvement initiatives that explicitly 
use the terminology and concepts of both IS and QI.  Not only does the OUCTOME 
approach shift the focus away from top down approaches to improvement efforts, it 
moves away from the implementation of single interventions - such as PTTS – to 
consider how clinical systems – in all their social and material complexity - impact on 
service outcomes.  As such, the approach has promise in the context of an emerging 
paradigm shift in quality improvement away from linear cause and effect approaches to 
models that acknowledge that healthcare is a complex adaptive system.  The inclusion 
of longitudinal theoretically informed ethnographic case studies on the paediatric early 
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warning systems in four sites, allowed us to not only assess the impact of the PUMA 
Programme but to also highlight the dynamic qualities of paediatric early warning 
systems and the impact of external factors on system functioning.  
DGHs represent the majority of hospitals where children are cared for so understanding 
the systems in these institutions is critical to making impactful change.  Studies in this 
field do not typically include DGHs and their inclusion in PUMA has yielded insights into 
the operation of paediatric early warning systems and improvement processes as well 
as challenges in relation to event rates of quantitative clinical outcomes.  
Implementation of the PUMA Programme was not a one-shot event and this created 
challenges for the ITS, particularly in relation to the conceptualisation of the 
‘implementation’ period and ‘post-intervention’ period.  Had the hospitals implemented 
a ‘tool’, there would likely have been a shorter, well-defined ‘implementation’ period.  In 
this study, we saw teams each take varying degrees of time to develop action plans, 
form teams, win organisational and staff buy-in and attempt to implement complex 
initiatives.  While we conceptualised the ‘implementation period’ as twelve months for 
each site for the purpose of our quantitative analysis, it is important to reflect that in 
reality, this likely varied between each site (and within sites, on an initiative by 
initiative basis) and less well defined than in some intervention studies. 
Please see Appendix 46 for a summary of next steps for the PUMA Programme. 
Conclusions 
The PUMA study has shown that PTTTs are not the sole solution in improving processes 
for detecting and acting on deterioration in hospitalised children, and that a whole 
systems focus is required.  Drawing on the literature we developed a system standard 
and implemented a novel whole systems approach to improving paediatric early 
warning systems in four contrasting case study sites.  All sites were successful in 
bringing about changes to their systems in line with the PUMA Standard.  Paediatric 
early warning systems in all sites also changed over time in response to other external 
factors.  Locally led service improvement is challenging without adequate resources, 
skills and organisational support and alternative outcome measures are required to 
support research and quality improvement efforts in this context.  The findings from 
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Alder Hey, the largest of the study sites, where system level change was mandated in 
response to the CQC report, show that organisational level whole systems change can 
bring about positive impacts on clinical outcomes. 
Over the lifetime of the study, there has been a growing consensus within the paediatric 
community about the need to think beyond PTTTs and to consider the whole system.  
Those who wish to improve healthcare organisations need to clearly understand how 
they work, think carefully about the nature of the interventions they are planning to 
implement, and find pathways to improvement that take the socio-technical 
relationships into account.  The PUMA Programme offers a number of tools for 
clinicians and service managers wishing to improve their systems and the underpinning 
OUTCOME approach has the potential to be used more widely.  
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APPENDIX 1: SUMMARY OF PPI INVOLVEMENT  
Patient and Public Involvement 
Aim: To gain meaningful parent perspectives and input throughout the PUMA study. 
To engage with parents with experience of being in hospital with a sick child was vital to the 
successful conduct of the PUMA study.  Prior to the study commencing we consulted with parents of 
children previously admitted to Paediatric Intensive Care, and used this to canvas opinion regarding 
the study proposal. Feedback was positive with recounted instances where signs of deterioration 
were not acted on and parents feeling their concerns were not acknowledged. 
Methods: 
The PUMA study involved an experienced PPI lead (Jenny Preston) to coordinate parent involvement 
throughout the study to address topics such as advising on the tool and implementation package 
development, information leaflets for research ethics purposes, the design of interview schedules 
and the data generation templates, and qualitative data analysis, particularly parent interviews and 
dissemination strategies.  
In the original PUMA application, we set out to form a parent advisory group made up of 
approximately 6-8 parents who had experience of their child being in hospital, who would meet face 
to face on a regular basis and throughout the duration of the study.  However, it proved difficult to 
recruit the desired 6-8 parents to meet on a regular basis for a number of reasons, such as caring 
responsibilities, juggling work, and geographical distance.  However, we did manage to recruit four 
parents to the group with an additional two members joining in the final year as two had dropped 
out due to family and work commitments.   
Parents were contacted through a variety of channels including social media, existing contacts and 
parent organisations. Parents had varied experiences of looking after a sick child with conditions 
such as acute lymphoblastic leukaemia, severe asthma, and complex needs associated with autism 
and a child who was non verbal and deaf.  All had experience of being in hospital with their child. 
Meetings:  
Five face-to-face meetings took place in Liverpool during the lifespan of the study.  The preferred 
form of communication in between meetings was via email.  
Summary of parent input into the PUMA study. 
Despite using a variety of recruitment methods to involve between 6-8 parents with experience of 
attending hospital with a sick child, we only managed to recruit four parents.  It also proved quite 
challenging to stick to our intended two meetings per year because of family and work demands on 
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those involved.  We did however manage to meet once per year with email discussions in between.   
The PUMA study took place over a four-year period, which generated additional challenges to keep 
parents motivated and interested in between meetings.  This resulted in two parents leaving the 
advisory group in the final year but another two joined the group as they had an interest in this area 
and experience of long hospital stays with their children.   
Changes in the focus of the study, from PTTT to system-wide improvements, made it more 
challenging for PPI to input. Rather than being directed by the study team, PIs were responsible for 
identifying and addressing potential weaknesses in their paediatric early warning systems, and as 
such made it harder for the PPI group to be involved, and follow what was going on in each of the 
sites.   In retrospect it may have been more fruitful to create PPI site-specific PPI groups. However, 
that would have presupposed that family involvement was an issue that needed addressing.  
Despite these limitations, the information we gathered provided us with valuable insights into the 
study and potential ideas for future studies focusing on the needs of parents in hospital settings.  
One idea for example is to explore the development of a parent/carer tool to crowd source 
information to define what the key things are that parents need to know when they arrive on the 
ward – and define what would help them feel comfortable enough to identify and raise concerns 
about their child. 
The study team acted on most of the parent feedback received, justifying reasons why feedback 
couldn’t be acted up.  See Table 1 as an example from the Family Feedback Tool.  
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Table 19: Response to Parent Advisory Group feedback on Family Feedback Tool 
Parent Advisory Group feedback/suggested 
changes 
What we have done Notes 
Change language used throughout document. It 
needs to be clearer and more family-friendly (at 
the moment it sounds overly-clinical and 
somewhat alienating) 
Phrasing of introductory paragraph, sign-off and 
questions altered throughout 
 
 
Restructure questionnaire so that it opens with 
the question on what is normal for your child 
Restructured as suggested – this is now the first 
question 
 
Include question addressing how able (or not) 
parents feel to communicate with staff on the 
ward.  Ask if parents know who to speak to, and 
when they will be around? 
We have added a new Likert-scale question to the 
tool, asking about how able parents feel to 
communicate with staff (question 3c) 
 
Unfortunately not within scope of the tool to ask 
about communication in depth as we are 
focussed on looking for change  – but we would 
be very interested to think about how this may 
be addressed elsewhere.  
Add introductory question asking upfront 
whether family have been told about how to 
communicate their concerns. Ask whether 
parents have understood this rather than “been 
informed” 
 
New question added as suggested (question 2a) The purpose of the PUMA family feedback tool is 
very focussed: we need to find out about what 
ward staff are routinely doing to tell parents 
about the importance of their involvement - 
whether they are talking to parents about 
deterioration at all, and if so how (we agree 
however that what needs to be addressed in 
subsequent studies is how we work out what 
forms of communication best enables parent 
involvement and understanding)  
Restructure so that the questionnaire opens with 
question on what is normal for your child 
Restructured as suggested – this is now the first 
substantial question (question 1) 
 
Include a question that asks parents about their 
experiences of orientation/introduction onto the 
ward (and ask same of staff via SAT) 
Free-text question added asking parents about 
their experience of orientation/induction onto the 
ward (question 6) 
 
 
Include cover sheet/information sheet tailored to We have included details on this within the  
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parents – explaining purpose of the work, why it 
is helpful for them to complete it, where to 
deposit it once complete, and including an 
explanation of anonymity/confidentiality.    
intro/sign-off (confidentiality, where to deposit 
form)  
Think about exactly how the tool will be delivered 
in practice ((e.g. will staff be encouraged to assist 
those who find written English challenging, will 
information on this be included in the 
implementation guide?)) and how 
anonymity/confidentiality will be ensured ((e.g. 
by providing sealable envelopes and a study-
branded box for forms to be deposited into as 
part of the implementation package)) 
Information on ensuring confidentiality and 
making deposit box available is included in the 
staff Implementation guide.  
 
 
Not appropriate for staff to provide one-on-one 
assistance as this presents very strong risk of bias 
and likely to break confidentiality.    
 
We will provide guidance on where would be 
ideal to place the deposit box/envelopes etc. – it 
will however be up to individual sites to decide 
on what works best for them (as each location is 
so different).   
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APPENDIX 2: SYSTEMATIC REVIEW 1 & 2 SEARCH STRATEGY   
Database Search  
The SEARCH WAS ACROSS A RANGE OF DATABASES FROM THEIR INCEPTION to January 2015 
then an update was carried out in September 2016 and the second update May 2018. 
A preliminary search strategy was developed using a set of key papers known to the group for Ovid 
Medline using both text words and Medical subject headings.  The search strategy was modified 
according to the indexing systems of the other databases.  
Table 20: Systematic review 1 & 2 database search results 
Databases and Database 
platform 
Original search 
results January 
2015 
Update September 
2016 
Update May 2018 
British Nursing Index (Proquest) 19 12 25 
CINAHL (Cumulative Index of 
Nursing and Allied Health 
Literature) (Ebsco) 206 17 
29 
Cochrane Central Register of 
Controlled Trials (Wiley) 43 4 
30 
EMBASE (OVID) 1065 206 431 
HMIC (Health Management 
Information Centre) (OVID) 70 1 
75 
Medline (OVID) 943 135 328 
Medline in Process (OVID) 43 69 45 
Scopus (Elsevier) 747 85 234 
Web of Knowledge (Science 
Science Citation Indexes) 
(Thomson Reuter) 400 82 
 
166 
Total 3536 
(prior to removing 
duplicates and 
irrelevant studies) 
611 
(prior to removing 
duplicates and 
irrelevant studies) 
1363 
(prior to removing 
duplicates and 
irrelevant studies)  
Supplementary search 
PUMA Search Information 
Supplementary search 
NB. Restricted each of the below searches by dates: 01/01/2016 – 16/05/2018 
 
Table 21: Systematic review 1 & 2 supplementary search results 
Trials Registers Hits January 2015 Update 
September 2016 
Update June 
2018 
ClinicalTrials.gov  
https://clinicaltrials.gov/ 
6 4 0 
UK Clinical Trials Gateway 
http://www.ukctg.nihr.ac.uk/default.as
3 (duplicates) 5 (1 duplicate) 0 
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px  
The WHO trial search portal for studies 
worldwide: 
http://apps.who.int/trialsearch 
1 (duplicate) 0 0 
Journal site Hits   
Archives of Disease in Childhood 
http://adc.bmj.com/ 
14 4 7 
BMJ 
http://www.bmj.com/theBMJ 
1 0 1 
BMJ Quality and safety 
http://qualitysafety.bmj.com/ 
7 4 2 
JAMA Pediatrics 
http://archpedi.jamanetwork.com/jour
nal.aspx 
1 0 0 
Journal of Critical Care 
http://www.jccjournal.org/ 
3 1 0 
1. Journal of Pediatrics ( American)  
2. http://www.jpeds.com/ 
1 0 2 
3. Journal of Paediatrics and Child 
Health (Australian) 
http://onlinelibrary.wiley.com/journal/
10.1111/(ISSN)1440-1754 
2 2 0 
Lancet 
http://www.thelancet.com/ 
0 0 0 
 New England Journal of Medicine 
http://www.nejm.org/ 
0 0 0 
Pediatrics 
http://pediatrics.aappublications.org/ 
6 2 0 
Pediatric Critical Care Medicine  
http://journals.lww.com/pccmjournal/p
ages/default.aspx 
14 6 3 
4. Websites and organisations HITS   
American Society of Anesthesiologists 
https://www.asahq.org/ 
1 0 0 
American Academy of Pediatrics 
http://www.aap.org/en-
us/Pages/Default.aspx 
1  0 
Association of Anaesthetists of Great 
Britain and Ireland 
http://www.aagbi.org/ 
0 0 0 
Australian Medical Council 
http://www.amc.org.au/ 
1 0 0 
Royal College of Paediatrics and Child 
Health  
http://www.rcpch.ac.uk/ 
1 0 4 
Paediatric Nursing Association Europe 
http://www.rcn.org.uk/ 
9  0 
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European Federation of Critical Care 
Nursing Associations 
http://www.efccna.org/ 
No Search 
Option 
 
No Search Option No Search Option 
Royal Australasian College of Physicians 
( Division of Child Health) 
https://www.racp.edu.au/page/paed-
policy 
0 0 0 
Royal College of Physicians (inclusive of 
National Clinical Guideline Centre) 
https://www.rcplondon.ac.uk/ 
2 0 0 
The NHS Institute for Innovation and 
Improvement 
http://www.institute.nhs.uk/ 
4 Site cease to exist  Site cease to exist 
NICE: Eyes on Evidence 
https://www.evidence.nhs.uk/about-
evidence-services/bulletins-and-
alerts/eyes-on-evidence 
 
4  1 1 
TOTAL 82 30 20 
 
Total = 112 
 
Search Strategies 
 
BNI 
"Paediatric Early Warning" OR ("pediatric early warning" OR "pediatric rapid response") OR 
("paediatric rapid response" OR "Bedside paediatric early warning") OR ("Pediatric Advanced 
Warning Score" OR "Paediatric Advanced Warning Score") 
 
CENTRAL 
Search Name: PUMA update 
Last Saved: 16/05/2018 11:39:08.703 
Description:   
 
ID Search  
#1 "early warning score*"  
#2 "early warning system*"  
#3 "early warning tool*"  
#4 "VitalPAC Early Warning Score"  
#5 "activation criteria"  
#6 "Rapid Response Team"  
#7 "Rapid Response system*"  
#8 "Track and trigger"  
#9 "trigger tools"  
#10 "calling criteria"  
#11 "Alert criteria"  
#12 "Rapid Response"  
#13 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12  
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#14 pediatric* or paediatric* or infant* or child* or baby or toddler or babies or teen* or 
adolescent*  
#15 #13 and #14  
#16 "Pediatric Early Warning"  
#17 "Paediatric Early Warning"  
#18 "p?ediatric alert"  
#19 "Pediatric Rapid Response"  
#20 "Pediatric Advanced Warning Score*"  
#21 "Paediatric Advanced Warning Score*"  
#22 "infant early warning"  
#23 "Bedside PEWS"  
#24 "Bedside paediatric early warning"  
#25 #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23 or #24  
#26 #15 or #25 Publication Year from 2016 to 2018 
 
CINAHL via EBSCO 
  
 Search 
ID#  
Search Terms  
 
S11  S7 OR S10   
 
S10  S1 AND S8   
 
S9  S2 AND S8   
 
S8  S3 AND S4   
 
S7  S5 OR S6   
 
S6  
TX "infant early warning" OR TX "bedside PEWS" OR TX "Bedside paediatric early 
warning"   
 
S5  
TX "p?ediatric early warning system" OR TX "P?ediatric Early Warning" OR TX 
"p?ediatric early warning score" OR TX "p?ediatric risk of mortality" OR TX "P?ediatric 
Rapid Response Team" OR TX "P?ediatric alert"   
 
S4  
AB pediatric* or paediatric* or infant*1 or child* or baby or toddler or babies or teen* 
or adolescent*   
 
S3  
TX "track-and-trigger" OR TX "VitalPAC Early Warning Score" OR TX "activation 
criteria". OR TX "trigger tool*" OR TX "Rapid Response" OR TX "activation criteria". OR 
TX "early warning" OR TX "Alert criteria" OR TX outreach N3 emergency   
 
S2  Detecting W3 deterioration   
 
S1  "early warning"   
 
 
DARE 
(Paediatric early warning) OR (pediatric early warning) OR (Paediatric Rapid Response) IN DARE 
( early warning) OR (track-and-trigger system) OR ( Rapid Response) IN DARE 
(emergency team) AND (early warning) IN DARE 
 
Embase 
Database: EMBASE <1947-Present> 
Search Strategy: 
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-------------------------------------------------------------------------------- 
1     ("early warning" adj5 scor*).ab,ti. (568) 
2     ("early warning" adj5 system* adj5 (deteriorat* or mortality or death or outcome* or harm* or 
safety)).ab,ti. (51) 
3     "acute illness severity".mp. (38) 
4     early intervention/ and ((prevent* or reduc* or improv*) adj5 (deteriorat* or mortality or death 
or outcome* or harm* or safety)).ab,ti. (1185) 
5     ("early medical intervention" adj5 (tool* or scor* or index* or indicator* or indice* or 
assessment* or guide* or instrument* or criteria or parameter* or deteriorat* or mortality or death 
or monitor* or outcome* or harm* or safety)).ab,ti. (10) 
6     *"severity of illness index"/ and ((tool* or scor* or index* or indicator* or indice* or 
assessment* or instrument* or criteria or parameter*) adj5 ((prevent* or reduc* or improv*) adj5 
(deteriorat* or mortality or death or outcome* or harm* or safety))).ab,ti. (3) 
7     exp Health Status Indicators/ and ((tool* or scor* or index* or indicator* or indice* or 
assessment* or instrument* or criteria or parameter*) adj3 ((prevent* or reduc* or improv*) adj3 
(deteriorat* or mortality or death or outcome* or harm* or safety))).ab,ti. (7) 
8     rapid response team/ (849) 
9     "alarm monitor"/ and (prevent* or reduc* or improv*).mp. (245) 
10     ("clinical alarm" adj5 (prevent* or reduc* or improv*)).mp. (2) 
11     (outreach adj3 emergency).tw. (46) 
12     VitalPAC Early Warning Score.tw. (15) 
13     medical emergency team.tw. (395) 
14     Rapid Response Systems.mp. (140) 
15     ("rapid response" adj5 (prevent* or reduc* or improv*)).tw. (191) 
16     ("medical device" adj3 (prevent* or reduc* or improv*)).mp. (187) 
17     (((Detecting or managing) adj3 deterioration) and warning).tw. (11) 
18     track-and-trigger system.tw. (24) 
19     (Track adj trigger).tw. (4) 
20     (Track and trigger).tw. (241) 
21     trigger tools.tw. (47) 
22     ("alert criteria" or "activation criteria" or "calling criteria").tw. (209) 
23     SBAR technique*.mp. (5) 
24     (score adj3 severity of illness).tw. (393) 
25     or/1-24 (4295) 
26     limit 25 to (infant <to one year> or child <unspecified age> or preschool child <1 to 6 years> or 
school child <7 to 12 years> or adolescent <13 to 17 years>) (533) 
27     P?ediatric Early Warning.mp. (120) 
28     p?ediatric alert.tw. (7) 
29     p?ediatric early warning systems.mp. (4) 
30     p?ediatric risk of mortality.tw. (527) 
31     P?ediatric Rapid Response Team.tw. (14) 
32     Point-of-Care Systems/ and ((paediatric or pediatric) adj3 (improve or identify or detect* or 
outcome or early or critical or emergency)).tw. (23) 
33     P?ediatric Advanced Warning Score.tw. (3) 
34     neonatal early warning.tw. (1) 
35     infant early warning.tw. (0) 
36     p?ediatric rapid response.tw. (31) 
37     Bedside paediatric early warning.tw. (5) 
38     Bedside PEWS.tw. (7) 
39     or/27-38 (707) 
40     26 or 39 (1155) 
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41     limit 40 to human (1065) 
 
HMIC 
Database: HMIC Health Management Information Consortium 
Search Strategy: 
-------------------------------------------------------------------------------- 
1     ("early warning" adj5 scor*).ab,ti. (23) 
2     ("early warning" adj5 system* adj5 (deteriorat* or mortality or death or outcome* or harm* or 
safety)).ab,ti. (6) 
3     "acute illness severity".mp. (3) 
4     "early medical intervention"/ and ((prevent* or reduc* or improv*) adj5 (deteriorat* or 
mortality or death or outcome* or harm* or safety)).ab,ti. (0) 
5     ("early medical intervention" adj5 (tool* or scor* or index* or indicator* or indice* or 
assessment* or guide* or instrument* or criteria or parameter* or deteriorat* or mortality or death 
or monitor* or outcome* or harm* or safety)).ab,ti. (0) 
6     Health Status Indicators.mp. and ((tool* or scor* or index* or indicator* or indice* or 
assessment* or instrument* or criteria or parameter*) adj3 ((prevent* or reduc* or improv*) adj3 
(deteriorat* or mortality or death or outcome* or harm* or safety))).ab,ti. (0) 
7     exp "Severity of illness index"/ and ((tool* or scor* or index* or indicator* or indice* or 
assessment* or instrument* or criteria or parameter*) adj5 ((prevent* or reduc* or improv*) adj5 
(deteriorat* or mortality or death or outcome* or harm* or safety))).ab,ti. (0) 
8     "activation criteria".ab,ti. (2) 
9     exp Rapid response teams/ (39) 
10     Clinical Alarms.mp. (0) 
11     (outreach adj3 emergency).tw. (2) 
12     VitalPAC Early Warning Score.tw. (0) 
13     medical emergency team.tw. (15) 
14     Rapid Response Systems.mp. (8) 
15     Rapid Response Team.tw. (27) 
16     ((Detecting or managing) adj3 deterioration).tw. (1) 
17     track-and-trigger system.tw. (2) 
18     (Track adj trigger).tw. (1) 
19     (Track and trigger).tw. (8) 
20     trigger tools.tw. (4) 
21     Calling criteria.tw. (1) 
22     Alert criteria.mp. (1) 
23     Rapid response.tw. (111) 
24     (score adj3 severity of illness).tw. (3) 
25     or/1-24 (171) 
26     (pediatric* or paediatric* or infant*1 or child* or baby or toddler or babies or teen* or 
adolescent*).mp. (40161) 
27     25 and 26 (14) 
28     p?ediatric alert.tw. (0) 
29     p?ediatric early warning systems.mp. (1) 
30     p?ediatric risk of mortality.tw. (4) 
31     Pediatric Rapid Response Team.tw. (0) 
32     Point-of-Care.mp. and ((paediatric or pediatric) adj3 (improve or identify or detect* or outcome 
or early or critical or emergency)).tw. (0) 
33     Pediatric Advanced Warning Score.tw. (0) 
34     neonatal early warning.tw. (0) 
35     infant early warning.tw. (0) 
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36     paediatric rapid response.tw. (1) 
37     pediatric rapid response.tw. (0) 
38     Bedside paediatric early warning.tw. (0) 
39     Bedside PEWS.tw. (0) 
40     p?ediatric early warning.mp. (2) 
41     care.mp. and ((paediatric or pediatric) adj3 (improve or identify or detect* or outcome or early 
or critical or emergency)).tw. [mp=title, other title, abstract, heading words] (57) 
42     or/28-41 (59) 
43     27 or 42 (70) 
   
 
Medline 
Database: Ovid MEDLINE(R) <1946 to January Week 2 2015> 
Search Strategy: 
-------------------------------------------------------------------------------- 
1     ("early warning" adj5 scor*).ab,ti. (260) 
2     ("early warning" adj5 system* adj5 (deteriorat* or mortality or death or outcome* or harm* or 
safety)).ab,ti. (24) 
3     "acute illness severity".mp. (21) 
4     "early medical intervention"/ and ((prevent* or reduc* or improv*) adj5 (deteriorat* or 
mortality or death or outcome* or harm* or safety)).ab,ti. (99) 
5     ("early medical intervention" adj5 (tool* or scor* or index* or indicator* or indice* or 
assessment* or guide* or instrument* or criteria or parameter* or deteriorat* or mortality or death 
or monitor* or outcome* or harm* or safety)).ab,ti. (7) 
6     exp Health Status Indicators/ and ((tool* or scor* or index* or indicator* or indice* or 
assessment* or instrument* or criteria or parameter*) adj3 ((prevent* or reduc* or improv*) adj3 
(deteriorat* or mortality or death or outcome* or harm* or safety))).ab,ti. (166) 
7     "Severity of Illness Index"/ and ((tool* or scor* or index* or indicator* or indice* or assessment* 
or instrument* or criteria or parameter*) adj5 ((prevent* or reduc* or improv*) adj5 (deteriorat* or 
mortality or death or outcome* or harm* or safety))).ab,ti. (274) 
8     exp Hospitals/ and ((Detecting or managing) adj3 deterioration).tw. (2) 
9     ("medical device" adj3 (prevent* or reduc* or improv*)).mp. (58) 
10     ("alert criteria" or "activation criteria" or "calling criteria").tw. (121) 
11     Hospital Rapid Response Team/ (334) 
12     Clinical Alarms/ (332) 
13     (outreach adj3 emergency).tw. (32) 
14     VitalPAC Early Warning Score.tw. (10) 
15     medical emergency team.tw. (247) 
16     Rapid Response Systems.mp. (87) 
17     Rapid Response Team.tw. (185) 
18     (((Detecting or managing) adj3 deterioration) and warning).tw. (8) 
19     track-and-trigger system.tw. (14) 
20     (Track adj trigger).tw. (2) 
21     (Track and trigger).tw. (137) 
22     trigger tools.tw. (22) 
23     SBAR technique*.mp. (3) 
24     ("rapid response" adj5 (prevent* or reduc* or improv*)).tw. (117) 
25     (score adj3 severity of illness).tw. (243) 
26     or/1-25 (2286) 
27     limit 26 to (humans and "all child (0 to 18 years)") (453) 
28     P?ediatric Early Warning.mp. (38) 
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29     p?ediatric alert.tw. (5) 
30     p?ediatric early warning systems.mp. (3) 
31     p?ediatric risk of mortality.tw. (400) 
32     P?ediatric Rapid Response Team.tw. (6) 
33     Point-of-Care Systems/ and ((paediatric or pediatric) adj3 (improve or identify or detect* or 
outcome or early or critical or emergency)).tw. (79) 
34     P?ediatric Advanced Warning Score.tw. (2) 
35     neonatal early warning.tw. (0) 
36     infant early warning.tw. (0) 
37     p?ediatric rapid response.tw. (20) 
38     Bedside paediatric early warning.tw. (2) 
39     Bedside PEWS.tw. (2) 
40     or/28-39 (542) 
41     27 or 40 (943) 
 
Scopus  
( TITLE-ABS-KEY ( "Paediatric Early Warning"  OR  "Pediatric Early Warning"  OR  "Pediatric Advanced 
Warning Score"  OR  "Paediatric Advanced Warning Score"  OR  "neonatal early warning"  OR  "infant 
early warning"  OR  "pediatric rapid response"  OR  "Paedatric rapid response" ) )  OR  ( ( ( TITLE-ABS-
KEY ( "early warning"  W/5  scor* ) )  OR  ( TITLE-ABS-KEY ( "Rapid Response" ) )  OR  ( TITLE-ABS-
KEY ( "track-and-trigger system" ) )  OR  ( TITLE-ABS-KEY ( "track and trigger" ) )  OR  ( TITLE-ABS-
KEY ( "trigger tool*" ) )  OR  ( TITLE-ABS-KEY ( "alert criteria" ) )  OR  ( TITLE-ABS-KEY ( "activation 
criteria" ) )  OR  ( TITLE-ABS-KEY ( "VitalPAC Early Warning Score" ) ) )  AND  ( TITLE-ABS-
KEY ( pediatric*  OR  paediatric*  OR  infant*  OR  child*  OR  baby  OR  toddler  OR  babies  OR  teen*
  OR  adolescent* ) ) )  AND  ( LIMIT-TO ( SUBJAREA ,  "MEDI" )  OR  LIMIT-
TO ( SUBJAREA ,  "NURS" )  OR  LIMIT-TO ( SUBJAREA ,  "NEUR" ) )  
 
 
Web of Science 
 
 
# 
19 
400  #17 OR #1  
Refined by: [excluding] WEB OF SCIENCE CATEGORIES: ( 
PARASITOLOGY OR PUBLIC ENVIRONMENTAL 
OCCUPATIONAL HEALTH OR BIOCHEMISTRY MOLECULAR 
BIOLOGY OR OPTICS OR HEALTH CARE SCIENCES SERVICES 
OR MYCOLOGY OR MANAGEMENT OR LINGUISTICS OR 
INSTRUMENTS INSTRUMENTATION OR MICROBIOLOGY OR 
INFORMATION SCIENCE LIBRARY SCIENCE OR 
MATHEMATICAL COMPUTATIONAL BIOLOGY OR GERIATRICS 
GERONTOLOGY OR ENGINEERING BIOMEDICAL OR FOOD 
SCIENCE TECHNOLOGY OR ENVIRONMENTAL STUDIES OR 
ENGINEERING ENVIRONMENTAL OR ENGINEERING 
ELECTRICAL ELECTRONIC OR HEALTH POLICY SERVICES OR 
TOXICOLOGY OR EDUCATION EDUCATIONAL RESEARCH OR 
NUTRITION DIETETICS OR SUBSTANCE ABUSE OR 
ECONOMICS OR MEDICINE RESEARCH EXPERIMENTAL OR 
STATISTICS PROBABILITY OR DEVELOPMENTAL BIOLOGY OR 
MEDICAL INFORMATICS OR SOCIOLOGY OR DENTISTRY ORAL 
SURGERY MEDICINE OR PSYCHOLOGY EXPERIMENTAL OR 
COMPUTER SCIENCE ARTIFICIAL INTELLIGENCE OR 
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METEOROLOGY ATMOSPHERIC SCIENCES OR CHEMISTRY 
ANALYTICAL OR MEDICAL LABORATORY TECHNOLOGY OR 
CELL BIOLOGY OR DEMOGRAPHY OR BUSINESS FINANCE OR 
COMPUTER SCIENCE INTERDISCIPLINARY APPLICATIONS OR 
AUDIOLOGY SPEECH LANGUAGE PATHOLOGY OR 
PSYCHOLOGY DEVELOPMENTAL OR COMPUTER SCIENCE 
INFORMATION SYSTEMS OR PLANNING DEVELOPMENT )  
Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH 
Timespan=1900-2015 
# 
18 
499  #17 OR #1  
Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH 
Timespan=1900-2015 
# 
17 
487  #16 AND #15  
Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH 
Timespan=1900-2015 
# 
16 
8,044  #14 OR #13 OR #12 OR #11 OR #10 OR #9 OR #8 OR #7 OR 
#6 OR #5 OR #4 OR #3 OR #2  
Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH 
Timespan=1900-2015 
# 
15 
1,689,232  TOPIC: (( pediatric* OR paediatric* OR infant* OR child* OR 
baby OR toddler OR babies OR teen* OR adolescent*))  
Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH 
Timespan=1900-2015 
# 
14 
130  TOPIC: ("Severity of Illness Index" and ((tool* or scor* or 
index* or indicator* or indice* or assessment* or 
instrument* or criteria or parameter*) SAME ((prevent* or 
reduc* or improv*) SAME (deteriorat* or mortality or death 
or outcome* or harm* or safety))))  
Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH 
Timespan=1900-2015 
# 
13 
63  TOPIC: (("early medical intervention" SAME (tool* or scor* 
or index* or indicator* or indice* or assessment* or guide* 
or instrument* or criteria or parameter* or deteriorat* or 
mortality or death or monitor* or outcome* or harm* or 
safety)))  
Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH 
Timespan=1900-2015 
# 
12 
28  TOPIC: ("early medical intervention" and ((prevent* or 
reduc* or improv*) SAME (deteriorat* or mortality or death 
or outcome* or harm* or safety)))  
Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH 
Timespan=1900-2015 
# 
11 
1,206  TOPIC: ("early warning" SAME system* SAME (deteriorat* or 
mortality or death or outcome* or harm* or safety))  
Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH 
Timespan=1900-2015 
# 
10 
2  TOPIC: ("SBAR technique")  
Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH 
Timespan=1900-2015 
# 7  TOPIC: ("VitalPAC Early Warning Score")  
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9 Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH 
Timespan=1900-2015 
# 
8 
123  TOPIC: ("activation criteria")  
Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH 
Timespan=1900-2015 
# 
7 
16  TS=("alert criteria")  
Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH 
Timespan=1900-2015 
# 
6 
159  TS=("trigger tool*")  
Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH 
Timespan=1900-2015 
# 
5 
45  TS=("track and trigger")  
Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH 
Timespan=1900-2015 
# 
4 
15  TS=("track-and-trigger system")  
Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH 
Timespan=1900-2015 
# 
3 
6,100  TS=("Rapid Response")  
Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH 
Timespan=1900-2015 
# 
2 
604  TS=("early warning" SAME scor*)  
Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH 
Timespan=1900-2015 
# 
1 
88  TS=("Paediatric Early Warning" OR "Pediatric Early Warning" 
OR "Pediatric Advanced Warning Score" OR "Paediatric 
Advanced Warning Score" OR "neonatal early warning" OR 
"infant early warning" OR "pediatric rapid response" OR 
"Paedatric rapid response")  
Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH 
Timespan=1900-2015 
 
P U M A  S U P P L E M E N T A R Y  S E A R C H E S  
 
Search terms to use: 
"Pediatric Early warning" 
"Paediatric Early warning" 
“Pediatric Rapid Response Team” 
“Paediatric Rapid Response Team” 
PEWS 
“Paediatric trigger tools” 
“Pediatric trigger tools”  
  
  295 
APPENDIX 3: SYSTEMATIC REVIEW 1 & 2 PICO (POPULATION, INTERVENTION, 
CONTROL/COMPARISON, OUTCOMES) CRITERIA    
Table 22: PICO criteria, Review 1 development/validation studies 
Parameter Inclusion criteria Exclusion criteria 
Patients Children aged 0-18 who are in-patients in a 
hospital 
Adult patients; children in emergency 
departments or neonatal unit 
Intervention Development or validation of a PTTT Acuity or triage tools, tools developed for 
use in emergency departments 
Comparator Not applicable  
Outcomes Mortality and critical events including: 
arrests, code calls, transfer to higher level 
of care (e.g., ICU/HDU), senior review, 
RRT/MET activation, acuity at PICU 
admission and critical interventions on the 
ward or PICU 
 
Study design Chart or case reviews; cohort studies; case-
control studies, observational studies 
Reviews, editorials or opinion pieces 
 
Table 23: PICO criteria, Review 2 effectiveness studies 
Parameter Inclusion criteria Exclusion criteria 
Patients Children aged 0-18 who are in-patients in a 
hospital  
Adult patients 
Children in emergency departments or 
neonatal unit 
Intervention Implementation of any ‘paediatric early 
warning system’ intervention (with or 
without a PTTT) – including implementing a 
new PTTT, RRT/MET implementation, 
educational initiatives or communications 
tools aimed at improving identification of 
deteriorating in-patients 
Acuity or triage tools, tools developed for 
use in emergency departments, 
interventions whose purpose was not 
identification of deteriorating in-patients 
Comparator Not applicable  
Outcomes Mortality and critical events including: 
arrests, code calls, transfer to higher level of 
care (e.g., ICU/HDU), senior review, 
RRT/MET activation, acuity at PICU 
admission and critical interventions on the 
ward or PICU 
 
Study design Randomised controlled trials, non-
randomised controlled trials, before-after 
studies (controlled or uncontrolled); 
interrupted time series studies 
Reviews, editorials or opinion pieces 
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APPENDIX 4: SYSTEMATIC REVIEW 1 & 2 DOWNS AND BLACK RATING SCALE  
Table 24: Downs and Black rating scale, quality assessment for development and 
validation studies 
 
Criteria Yes (2) Partial (1) No (0) N/A Score 
1 Is the hypothesis / 
aim / objective of the 
study clearly 
described? 
Easily identified 
in introduction / 
method. 
Vague / incomplete or 
found in other parts of 
paper (than 
introduction/method) 
Aim / Objective 
no reported 
  
2 Was the score 
developed 
comprehensively?  
Evidence base / 
Expert opinion / 
Delphi method 
Decided within 
research team 
No info / 
unclear 
  
3 Are the 
characteristics of the 
patients in the study 
clearly described? 
Reproducible 
criteria used to 
categorise 
participants 
Poorly define criteria / 
incomplete 
information 
No baseline / 
demographic 
info 
  
4 Is the study design 
well described and 
appropriate? 
Well described, 
easy to find in 
paper 
Design not clearly 
described / design 
only partially answers 
the question 
Design poorly 
described or 
does not 
answer study 
question 
  
5 Are the study sample 
representative of the 
intended population? 
A full description 
of the target 
population is 
given with the 
sample selected 
in a non-biased 
manner 
Sample selected from 
a known population 
however, selection 
strategy likely 
introduces bias but 
not enough to 
seriously distort 
results 
Sample 
recruited from 
an unknown 
population in an 
opportunistic 
fashion 
  
6 Are population 
characteristics 
controlled for and 
adequately 
described? 
Appropriate 
control at 
design/analysis 
stage 
Incomplete 
control/description or 
not considered but 
unlikely to seriously 
influence results 
Not controlled 
for and likely to 
seriously 
influence 
results 
  
7 Was compliance/use 
of the PEWS 
reliable? 
Compliance / use 
was well 
described and 
reliably 
implemented 
Compliance / use was 
not well described or 
not reliably 
implemented 
Compliance / 
use was not 
reported 
  
8 Was consideration 
given for data 
collected at different 
times / sites 
Well described 
reason why data 
was collected at 
different time 
points 
Data was collected at 
different times due to 
specific opportunity 
No explanation 
for data 
collection at 
different time 
points 
Data 
was 
collected 
at the 
same 
time 
point 
 
9 Are the main findings 
clearly described? 
Simple outcome 
data reported for 
all major findings 
Incomplete or 
inappropriate 
descriptive statistics 
No/inadequate 
descriptive 
statistics 
  
10 Are methods of 
analysis adequately 
described and 
appropriate? 
Described and 
appropriate 
Not reported but 
probably appropriate 
or some tests 
appropriate, some not 
Methods not 
described and 
cannot be 
determined 
  
11 Are the conclusions 
supported by the 
results 
All conclusions 
supported by 
data 
Some of the major 
conclusions are 
supported by the data; 
some are not or 
speculative 
interpretations are not 
indicated as such 
None/few of 
major 
conclusions 
supported by 
the data 
  
12 How was missing 
data handled  
Missing data was 
reported and 
handled 
Missing data was 
reported but unable to 
determine how it was 
Missing data 
was not 
reported 
No 
missing 
data 
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appropriately handled or it wasn’t 
handled appropriately 
Total  
MAX. Score: 24 
 
 
Table 25: Downs and Black rating scale, quality assessment for effectiveness studies 
Criteria Yes (2) Partial (1) No (0) N/A Score 
1 Is the hypothesis / aim / 
objective of the study 
clearly described? 
Easily identified in 
introduction / 
method. 
Vague / incomplete or 
found in other parts of 
paper (than 
introduction/method) 
Aim / Objective 
no reported 
  
2 Was the score 
developed 
comprehensively?  
Evidence base / 
Expert opinion / 
Delphi method 
Decided within 
research team 
No info / unclear   
3 Are the characteristics 
of the patients in the 
study clearly 
described? 
Reproducible 
criteria used to 
categorise 
participants 
Poorly define criteria / 
incomplete information 
No baseline / 
demographic 
info 
  
4 Is the study design well 
described and 
appropriate? 
Well described, 
easy to find in 
paper 
Design not clearly 
described / design only 
partially answers the 
question 
Design poorly 
described or 
does not answer 
study question 
  
5 Are the study sample 
representative of the 
intended population? 
A full description 
of the target 
population is given 
with the sample 
selected in a non-
biased manner 
Sample selected from a 
known population 
however, selection 
strategy likely 
introduces bias but not 
enough to seriously 
distort results 
Sample 
recruited from 
an unknown 
population in an 
opportunistic 
fashion 
  
6 Was the PEWS well 
implemented? 
Implementation 
was well reported 
and appropriately 
applied 
Implementation was not 
well reported or not 
appropriate 
No info / unclear   
7 Are population 
characteristics 
controlled for and 
adequately described? 
Appropriate 
control at 
design/analysis 
stage 
Incomplete 
control/description or 
not considered but 
unlikely to seriously 
influence results 
Not controlled 
for and likely to 
seriously 
influence results 
  
8 Was compliance/use of 
the PEWS reliable? 
Compliance / use 
was well described 
and reliably 
implemented 
Compliance / use was 
not well described or 
not reliably 
implemented 
Compliance / 
use was not 
reported 
  
9 Was consideration 
given for data collected 
at different times / sites 
Well described 
reason why data 
was collected at 
different time 
points 
Data was collected at 
different times due to 
specific opportunity 
No explanation 
for data 
collection at 
different time 
points 
Data 
was 
collected 
at the 
same 
time 
point 
 
10 Are the main findings 
clearly described? 
Simple outcome 
data reported for 
all major findings 
Incomplete or 
inappropriate 
descriptive statistics 
No/inadequate 
descriptive 
statistics 
  
11 Are methods of 
analysis adequately 
described and 
appropriate? 
Described and 
appropriate 
Not reported but 
probably appropriate or 
some tests appropriate, 
some not 
Methods not 
described and 
cannot be 
determined 
  
12 Are the conclusions 
supported by the 
results 
All conclusions 
supported by data 
Some of the major 
conclusions are 
supported by the data; 
some are not or 
speculative 
interpretations are not 
indicated as such 
None/few of 
major 
conclusions 
supported by 
the data 
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13 How was missing data 
handled  
Missing data was 
reported and 
handled 
appropriately 
Missing data was 
reported but unable to 
determine how it was 
handled or it wasn’t 
handled appropriately 
Missing data 
was not 
reported 
No 
missing 
data 
 
Total  
 
MAX. Score: 26 
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APPENDIX 5: SYSTEMATIC REVIEW 3 DATA EXTRACTION TEMPLATE 1   
PUMA literature review template 
Study/Paper 
Authors, title, date, 
source 
 
 
Purpose  
Contribution to 
review 
 
Design/Methods  
Participants/Setting  
Data type  
Theoretical 
framework 
 
Quality Appraisal 
Tool 
 
Quality Assessment  
Intervention type  
Formal study 
finding 
 
Recommendations  
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Context 
History of intervention  
Country  
Organisation type (i.e. DGH, tertiary 
hospital, primary care) 
 
PEWS (efferent) wider activity system 
elements and inter-relationships with 
TTT [decision algorithms, CCOT, MET, 
ICU liaison, PICU, HDU] 
 
Infra-structural context [other related 
artefacts] 
 
Related activity systems [QI, audit, 
governance, referral processes and 
inter-relationships with TTT] 
 
Socio-cultural context [including 
experience of QI, stability of team 
and division of labour, teaching-non-
teaching etc] 
 
Wider policy/organisational context  
Intervention (TIDieR) 
Name  
Rationale, theory or goal of the 
elements – active ingredients - 
identified as essential to the 
intervention [DA: this could be 
explicit or implicit in the paper] 
 
What (materials): Describe any 
physical or informational materials 
used in the intervention, including 
those provided to participants or 
used in intervention delivery or in 
training of intervention providers. 
 
TTT Affordances (including but not 
limited to indicative list): 
• Paper/electronic  
• What 
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observations/informat
ion are recorded? 
• How is data displayed? 
• Single parameter/ 
Aggregated weighting 
• Response algorithm(s) 
(including details) 
• Parental/patient 
involvement 
• Manual or automated 
monitoring 
• Proactive 
intermittent/continuo
us monitoring 
• Linked artefacts (e.g 
SBAR) 
• Audit/performance 
surveillance 
 
What (procedures): describe each of 
the procedures, activities, and/or 
processes used in the intervention, 
including any enabling or supportive 
activities. 
 
Who provided: For each category of 
intervention provider (for example, 
nursing assistant, nurse, junior 
doctor) describe their expertise, 
background and any specific training 
given and also the roles and 
relationships within the overall 
division of labour. 
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How: Describe the mechanisms 
(implicit or explicit) about how the 
intervention, or intervention 
components have their effects 
 
How: Describe the modes of TTT 
delivery (such as face to face or some 
other mechanism such as phone or 
internet), or whether the intervention 
was provided individually or in a 
group. 
 
When and how much: Describe the 
number of times the intervention was 
delivered and over what period of 
time, including the number of 
sessions, schedule and intensity of 
dose (universal or selective 
application) 
 
Tailoring: If the intervention was 
planned to be personalised or 
adapted, then describe what, why, 
when and how. 
 
Modifications: If the intervention was 
modified during the course of the 
study, describe the changes (What, 
why, when, and how) 
 
Assessment of intervention 
adherence or fidelity, describe how 
and by whom, and if any strategies 
were used to maintain or improve 
fidelity, describe them 
 
If intervention adherence or fidelity 
was assessed, describe the extent to 
which the intervention was delivered 
as planned  
 
Implementation (NPT) (questions modified from Murray et al. 2010 and kennedy et al 2013) 
Coherence [i.e. the meaning 
attributed to PEWS and whether it 
makes sense for users e.g. cultural 
and scientific legitimacy, feasibility] 
• Evidence that the 
intervention was easy to 
Policy Organisational  Professional  Patient/family 
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describe 
• Evidence that it was 
recognised as different from 
existing ways of working by 
stakeholders 
• Evidence that it has a clear 
purpose for all relevant 
actors 
• Evidence that stakeholders 
recognise the benefits the 
intervention will bring and to 
whom 
• Evidence that the 
intervention fitted with the 
overall goals and activity of 
the organisation 
Cognitive Participation [i.e. 
commitment and engagement with 
the intervention] 
• Evidence that the target 
group see the intervention 
was a good idea 
• Evidence that they were 
prepared to invest time and 
energy and work in it? 
• Evidence that the 
stakeholders thought their 
engagement with the  
intervention was appropriate 
• Evidence that the 
stakeholders have taken 
steps to sustain the use of the 
intervention 
    
Collective Action [what are the skills 
and resources required to enact the 
intervention?] 
• How did the intervention 
affect the user groups? 
• What work was undertaken 
to operationalise the 
intervention? 
• Did it promote or impede 
their work? 
• Did staff require extensive 
training before they can use 
it? 
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• How compatible was the 
intervention with existing 
work practices? 
• What impact did it have on 
the division of labour, 
resources, power and 
responsibility between 
different professional 
groups? 
• Did it fit with the overall goals 
and activity of the 
organisation? 
Reflexive Monitoring [i.e methods for 
formal and informal evaluation of the 
effects of the intervention] 
• Did stakeholders take 
practical steps to measure 
the influence of the 
intervention? 
• How did users perceive the 
intervention once it has been 
in use for a while? 
• Was the intervention seen as 
advantageous for patients 
and staff? 
• Was it clear what effects the 
intervention has had 
(including unintended 
consequences)? 
• Did users’ contribute 
feedback on the intervention 
once it is in use? 
• Was the intervention be 
adapted/improved on the 
basis of this experience? 
    
Findings (positive, negative and unintended consequences) and useful content 
 
Emergent theories about key ingredients and mechanisms (including summary of supporting 
evidence) 
 
 
Emergent theories of the factors necessary for paediatric EWS to be normalised (including 
summary of supporting evidence) 
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Additional Insights of note (including references to follow up) 
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APPENDIX 6: SYSTEMATIC REVIEW 3 SEARCH METHODOLOGY  
Search Methods 
Database Search  
A comprehensive search was conducted across a wide-ranging set OF DATABASES from 1995 
September 2016, which was then extended to May 2018 to identify relevant 
evidence/studies in English language on  
• Paediatric Early Warning Systems (all study types).  
A preliminary search strategy was developed using a set of key papers known to the group 
for Ovid Medline using both text words and Medical subject headings. A further three 
systematic searches was conducted across a range of databases from 1995 to September 
2016 to identify relevant studies in the English language papers reporting on:  
• Adult Early Warning Systems (qualitative studies only) 
• Interventions to improve situational awareness (all study types) 
• Structured communication tools for handover and handoff (all study types) 
 
The Medline search strategy was translated to use across the rest of the databases. 
 
The focus of the search strategy was to achieve high sensitivity and specificity for retrieving 
studies relevant to the review question. The Medline search strategy was modified 
according to the indexing systems of the other databases.  
 
Databases searched: 
• British Nursing Index 
• CINAHL (Cumulative Index of Nursing and Allied Health Literature) 
• Cochrane Central Register of Controlled Trials 
• Database of Abstracts of Reviews of Effectiveness  
• EMBASE 
• HMIC (Health Management Information Centre) 
• Medline 
• Medline in Process 
• Scopus 
• Web of Knowledge (Science Citation Indexes) 
 
Additional searches  
In addition to the above databases, we searched both published and unpublished literature. 
To identify supplementary papers, information on studies in progress, unpublished research 
or research reported in the grey literature was identified through searching a range of 
relevant websites and trial registers including Clinical Trials.gov. To identify published 
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resources that had not yet been catalogued in the electronic databases, recent editions of 
key journals were hand-searched. 
 
Trial Registers 
• ClinicalTrials.gov: https://clinicaltrials.gov/ 
• UK Clinical Trials Gateway: http://www.ukctg.nihr.ac.uk/default.aspx 
• The WHO trial search portal for studies worldwide: http://apps.who.int/trialsearch 
Journal websites 
• BMJ: http://www.bmj.com/theBMJ 
• BMJ Quality and safety: http://qualitysafety.bmj.com/ 
Websites and organisations 
• The Health Foundation  
 
Identify relevant studies 
The search results would be imported into reference management database Endnote. 
Duplicate references and clearly irrelevant citations will be removed. All remaining studies 
will then be downloaded into Dropbox for reviewers to screen for relevance.  
 
 
Medline Search Strategy: Adult Early Warning Systems 
 
1. ("early warning" adj5 scor*).ab,ti. 
2. ("early warning" adj5 system* adj5 (deteriorat* or mortality or death or outcome* or 
harm* or safety)).ab,ti. 
3. "acute illness severity".mp. 
4. "early medical intervention"/ and ((prevent* or reduc* or improv*) adj5 (deteriorat* or 
mortality or death or outcome* or harm* or safety)).ab,ti. 
5. ("early medical intervention" adj5 (tool* or scor* or index* or indicator* or indice* or 
assessment* or guide* or instrument* or criteria or parameter* or deteriorat* or mortality 
or death or monitor* or outcome* or harm* or safety)).ab,ti. 
6. exp Health Status Indicators/ and ((tool* or scor* or index* or indicator* or indice* or 
assessment* or instrument* or criteria or parameter*) adj3 ((prevent* or reduc* or 
improv*) adj3 (deteriorat* or mortality or death or outcome* or harm* or safety))).ab,ti. 
7. "Severity of Illness Index"/ and ((tool* or scor* or index* or indicator* or indice* or 
assessment* or instrument* or criteria or parameter*) adj5 ((prevent* or reduc* or 
improv*) adj5 (deteriorat* or mortality or death or outcome* or harm* or safety))).ab,ti. 
8. exp Hospitals/ and ((Detecting or managing) adj3 deterioration).tw. 
9. ("medical device" adj3 (prevent* or reduc* or improv*)).mp. 
10. ("alert criteria" or "activation criteria" or "calling criteria").tw. 
11. Hospital Rapid Response Team/ 
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12. Clinical Alarms/ 
13. (outreach adj3 emergency).tw. 
14. VitalPAC Early Warning Score.tw. 
15. medical emergency team.tw. 
16. Rapid Response Systems.mp. 
17. Rapid Response Team.tw. 
18. (((Detecting or managing) adj3 deterioration) and warning).tw. 
19. track-and-trigger system.tw. 
20. (Track adj trigger).tw. 
21. (Track and trigger).tw. 
22. trigger tools.tw. 
23. SBAR technique*.mp. 
24. ("rapid response" adj5 (prevent* or reduc* or improv*)).tw. 
25. (score adj3 severity of illness).tw. 
26. or/1-25 
27. (qualitative or ethnograph* or thematic analysis or grounded theory or audio-recorded 
or transcribed or verbatim or ethnograph* or content analysis technique).ti,ab. 
28. (("semi-structured" or semistructured or unstructured or informal or "in-depth" or 
indepth or "face-to-face" or structured or guide) adj3 (interview* or discussion* or 
questionnaire*)).ti,ab. 
29. ((field or case) adj (stud* or research)).ti,ab. 
30. Focus groups/ or Qualitative research/ or Interviews as topic/ or Interview, 
Psychological/ or ((focus or discussion) adj group*1).ti,ab. 
31. (Questionnaires/ or interviews as topic/ or interview, psychological/) and (experience* 
or predictor* or determinant* or barrier* or facilitator* or enabler* or factor* associat* or 
perception* or perceive* or attitude* or view*1 or viewpoint* or standpoint* or 
encounter* or experience* or story or stories or narrative*1 or theme*1 or opinion* or 
concerns or motivat* or need*1).ti,ab. 
32. (cross-sectional studies/ or cross-sectional survey.ti,ab. or correlation study.ti,ab.) and 
(predictor* or determinant* or barrier* or facilitator* or enabler* or factor* associat* or 
perception* or perceive* or attitude* or view*1 or viewpoint* or standpoint* or 
encounter* or experience* or story or stories or narrative*1 or theme*1 or opinion* or 
concerns or motivat* or need*).ti,ab. 
33. process evaluation/ or process evaluation.ti,ab. 
34. mixed method*1.ti,ab. 
35. ((assoc* factor*1 or predictor* or determinant* or barrier* or facilitator* or enabler*) 
adj3 (interview* or survey* or questionnaire* or study)).ti,ab. 
36. *motivation/ 
37. ((perception* or perceive* or attitude* or view*1 or viewpoint* or standpoint* or 
encounter* or experience* or story or stories or narrative*1 or description* or theme* or 
opinion* or need*1 or concerns or motivat*) adj3 (interview* or survey* or questionnaire* 
or study or explor* or evaluate or investigate* or analys* or collect*)).ti,ab. 
38. (themes adj3 (identif* or analy* or review or explor* or investigat*)).ti,ab. 
39. "attitude of health personnel"/ or *attitude to health/ 
40. exp emotions/ 
41. consumer satisfaction/ 
42. personal satisfaction/ 
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43. exp professional-patient relations/ 
44. exp interprofessional relations/ 
45. "Health Services Needs and Demand"/ 
46. or/27-45 
47. 26 and 46 
48. limit 47 to (english language and humans and yr="1995 -Current") 
 
Medline Search Strategy: Structured communication tools for handover and handoff 
 
1. Situation Background Assessment Recommendation.tw. 
2. SBAR.mp. 
3. (ABC and "collaborative care").tw. 
4. Patient Handoff/ 
5. Patient Discharge/ and ABC.mp. 
6. exp Patient Transfer/ and checklist.mp. 
7. (handoff adj3 communication).tw. 
8. (handoff adj5 (tool or approach or technique or method)).tw. 
9. ("information transfer" and "emergency care").tw. 
10. Patient Discharge/ and information transfer.tw. 
11. ("information transfer" and "critical care").tw. 
12. ("information transfer" and handoff).tw. 
13. written checklist.tw. 
14. ("Rapid Syndrome Validation Project" or RSVP).tw. 
15. "Communication tools".tw. 
16. "Escalation of care".tw. 
17. or/1-16 
18. limit 17 to (english language and humans and yr="1995 -Current") 
 
 
Medline Search Strategy: Paediatric Early Warning Systems to include observation and 
training 
 
1. ("early warning" adj5 scor*).ab,ti. 
2. ("early warning" adj5 system* adj5 (deteriorat* or mortality or death or outcome* or 
harm* or safety)).ab,ti. 
3. "acute illness severity".mp. 
4. "early medical intervention"/ and ((prevent* or reduc* or improv*) adj5 (deteriorat* or 
mortality or death or outcome* or harm* or safety)).ab,ti. 
5. ("early medical intervention" adj5 (tool* or scor* or index* or indicator* or indice* or 
assessment* or guide* or instrument* or criteria or parameter* or deteriorat* or mortality 
or death or monitor* or outcome* or harm* or safety)).ab,ti. 
6. exp Health Status Indicators/ and ((tool* or scor* or index* or indicator* or indice* or 
assessment* or instrument* or criteria or parameter*) adj3 ((prevent* or reduc* or 
improv*) adj3 (deteriorat* or mortality or death or outcome* or harm* or safety))).ab,ti. 
7. "Severity of Illness Index"/ and ((tool* or scor* or index* or indicator* or indice* or 
assessment* or instrument* or criteria or parameter*) adj5 ((prevent* or reduc* or 
improv*) adj5 (deteriorat* or mortality or death or outcome* or harm* or safety))).ab,ti. 
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8. exp Hospitals/ and ((Detecting or managing) adj3 deterioration).tw. 
9. ("medical device" adj3 (prevent* or reduc* or improv*)).mp. 
10. ("alert criteria" or "activation criteria" or "calling criteria").tw. 
11. Hospital Rapid Response Team/ 
12. Clinical Alarms/ 
13. (outreach adj3 emergency).tw. 
14. VitalPAC Early Warning Score.tw. 
15. medical emergency team.tw. 
16. Rapid Response Systems.mp. 
17. Rapid Response Team.tw. 
18. (((Detecting or managing) adj3 deterioration) and warning).tw. 
19. track-and-trigger system.tw. 
20. (Track adj trigger).tw. 
21. (Track and trigger).tw. 
22. trigger tools.tw. 
23. SBAR technique*.mp. 
24. ("Situation Background Assessment Recommendation" or SBAR).tw. 
25. (patient* adj3 deteriorat*).tw. 
26. (deterioration adj3 hospital).tw. 
27. (patient deterioration adj4 hospital).tw. 
28. (Patients adj4 adverse event).tw. 
29. clinical deterioration.tw. 
30. ("rapid response" adj5 (prevent* or reduc* or improv*)).tw. 
31. (score adj3 severity of illness).tw. 
32. Vital signs.tw. 
33. or/1-26 
34. P?ediatric Early Warning.mp. 
35. p?ediatric alert.tw. 
36. p?ediatric early warning systems.mp. 
37. p?ediatric risk of mortality.tw. 
38. P?ediatric Rapid Response Team.tw. 
39. Point-of-Care Systems/ and ((paediatric or pediatric) adj3 (improve or identify or detect* 
or outcome or early or critical or emergency)).tw. 
40. P?ediatric Advanced Warning Score.tw. 
41. neonatal early warning.tw. 
42. infant early warning.tw. 
43. p?ediatric rapid response.tw. 
44. Bedside paediatric early warning.tw. 
45. Bedside PEWS.tw. 
46. or/34-45 
47. 33 or 46 
48. Health Plan Implementation/ 
49. (implement* or applicat* or execute).tw. 
50. (observ* or monitoring or monitor or education).tw. 
51. Risk Assessment/ 
52. Education/ 
53. Education, Continuing/ 
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54. "Hospitals, Teaching"/ 
55. Decision Making/ 
56. Safety Management/ 
57. Patient Simulation/ 
58. Awareness/ 
59. Knowledge/ 
60. *"Attitude of Health Personnel"/ 
61. *"Education, Medical, Continuing"/ 
62. *"Interdisciplinary Communication"/ 
63. Communication/ 
64. Monitoring, Physiologic/ 
65. Decision Making/ 
66. Judgment/ 
67. Needs Assessment/ 
68. Interprofessional Relations/ 
69. Interdisciplinary Communication/ 
70. ((organi#ation* adj2 (structur* or form* or function* or determinant* or factors or 
environme nt* or process* or culture*)) and (outcome? or perform* or satisf* or efficien* 
or effective* or equ* or growth or develop* or justice or quality or culture* or manage* or 
leader*)).tw. 
71. exp *psychology, industrial/ or *absenteeism/ or *efficiency/ or *job satisfaction/ or 
*"task performance and analysis"/ or *"time and motion studies"/ or *work simplification/ 
or *time management/ or *vocational guidance/ 
72. Decision Support Systems, Clinical/ 
73. Workflow/ 
74. or/48-73 
75. Nurses/ 
76. Physicians/ 
77. (nurse* or physician* or doctor*).tw. 
78. Medical Staff/ 
79. Medical Staff, Hospital/ or Nursing Staff, Hospital/ or Intensive Care Units/ 
80. or/75-79 
81. 47 and 74 and 80 
82. limit 81 to (english language and humans and yr="1995 -Current") 
 
Medline Search Strategy: Interventions to improve situational awareness 
1     Patient Safety/ (6742) 
2     patient safety.tw. (13735) 
3     1 or 2 (18307) 
4     "Situation* Awareness".tw. (488) 
5     3 and 4 (69) 
6     limit 5 to (english language and humans and yr="1995 -Current") 
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APPENDIX 7: SYSTEMATIC REVIEW 3 DATA EXTRACTION TEMPLATE 2 
 
Study/Paper 
Authors, title, date, 
source 
 
 
Purpose  
Design/Methods  
Participants/Setting  
Data type  
Theoretical 
framework 
 
Quality Assessment  
Formal study 
finding 
 
 
Theory Area 1 – Properties of the monitoring system in EWS 
What are the technical characteristics of the monitoring system? 
 
What are the policies/processes associated with the monitoring system? 
 
What are roles and responsibilities of the monitoring system? 
 
What are the skills and resources needed to enact the monitoring system? 
 
How often is the monitoring system applied? 
 
How effective is the monitoring system? 
 
What is the mechanisms (implicit or explicit) by which the monitoring system has its effects? 
 
What actions are necessary to ensure the effectiveness of the monitoring system? 
 
What is the relationship of the monitoring system and the context? 
 
What is the relationship of the monitoring system to the recording system? 
 
Is the evidence provided in this theory area good and relevant enough to be included in the 
synthesis? 
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Theory Area 2 – Properties of the recording system in EWS 
What are the technical characteristics of the recording system? 
 
What are the policies/processes associated with the recording system? 
 
What are the roles and responsibilities of the recording system? 
 
How effective is the recording system? 
 
What are the skills and resources needed to enact the recording system? 
 
What is the mechanism (implicit or explicit) by which the recording system has its effects? 
 
What actions are necessary to ensure the effectiveness of the recording system? 
 
What is the relationship between the recording system and the context? 
 
What is the relationship between the recording system, the monitoring and detection system? 
 
Is the evidence provided in this theory area good and relevant enough to be included in the 
synthesis? 
 
 
Theory Area 3 – Properties of the detection/trigger system in EWS 
What are the technical characteristics of the detection/trigger system? 
 
What are the policies/processes associated with the detection/trigger system? 
 
What are the roles and responsibilities involved in the detection/trigger system? 
 
What are the skills and resources needed to enact the detection system? 
 
How effective is the trigger system? 
 
What is the mechanism (implicit or explicit) by which the detection/trigger system has its effects? 
 
What actions are necessary to ensure the effectiveness of the detection/trigger system? 
 
What is the relationship between the trigger system and the context? 
 
What is the relationship between the trigger system and the activation system? 
 
Is the evidence provided in this theory area good and relevant enough to be included in the 
synthesis? 
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Theory Area 4 – Properties of the activation system in EWS 
What are the technical characteristics of the activation system? 
 
What are the policies/processes associated with the activation system? 
 
What are the roles and responsibilities involved in the activation system? 
 
What are the skills and resources needed to enact the activation system? 
 
How effective is the activation system? 
 
What is the mechanism (implicit or explicit) by which the activation system has its effects? 
 
What actions are necessary to ensure the effectiveness of the activation system? 
 
What is the relationship of the activation system and the context? 
 
What is the relationship between the activation system and the monitoring, recording and trigger 
system? 
 
Is the evidence provided in this theory area good and relevant enough to be included in the 
synthesis? 
 
 
Theory Area 5 – Properties of family involvement in EWS 
At what stage in the PEWS process are families involved? 
 
What are the roles and responsibilities involved in ensuring family involvement? 
 
How effective is family involvement in the EWS process? 
 
What are the mechanisms by which families are involved in EWS? 
 
How effective are mechanisms for involving families in EWS? 
 
What are the benefits and dis-benefits of family involvement? 
 
Is the evidence provided in this theory area good and relevant enough to be included in the 
synthesis? 
 
 
Theory Area 6 – Properties of chart design in EWS 
What are the optimal properties of chart design to ensure effective monitoring? 
 
What are the optimal properties of chart design to ensure effective recording? 
 
What are the optimal properties of chart design to ensure effective detection? 
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Is the evidence provided in this theory area good and relevant enough to be included in the 
synthesis? 
 
Theory Area 7– Properties of implementation and normalisation in EWS 
What are the barriers to implementation and normalisation of EWS? 
 
What actions are necessary to overcome barriers to the implementation and normalisation of 
EWS? 
 
What actions are effective in overcoming barriers to the implementation and normalisation of 
EWS? 
 
What are the mechanisms by which effective actions in overcoming barriers to implementation 
and normalisation of EWS have their effects? 
 
What are the key pillars of an effective reflexive monitoring system? 
 
Is the evidence provided in this theory area good and relevant enough to be included in the 
synthesis? 
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APPENDIX 8: SUMMARY OF OUTCOMES USED AS PROXIES FOR IN-PATIENT DETERIORATION   
Table 26: Summary of outcomes used as proxies for in-patient deterioration 
Outcome Agreed definition 
Mortality 
All-cause mortality among any child admitted to the hospital 
children’s ward, HDU or PICU. 
Excludes: 
• Children brought in dead to A&E 
Cardiac arrest 
A child admitted to the hospital’s children’s ward or HDU who 
subsequently had a cardiac arrest. 
Respiratory arrest 
A child admitted to the hospital’s children’s ward or HDU who 
subsequently had a respiratory arrest. 
Unplanned admission to 
PICU 
A child who has an unplanned admission to a PICU bed from 
the hospital’s children’s ward(s) or HDU. 
Excludes: 
• Children admitted directly to PICU, either from A&E 
within the hospital or from another hospital 
• Admissions from outside of the ward (e.g., A&E, 
theatre) 
• Admissions that were elective or planned in advance 
• Admissions directly from operating room/sleep lab 
• Admissions where need for ICU care is attributed to 
need to recover from sedation 
Unplanned admission to 
HDU 
A child who has an unplanned admission to a 
designated/funded HDU bed from the hospital’s children’s 
ward(s). 
Excludes: 
• Children admitted directly to HDU from A&E or from 
another hospital 
• Children admitted to HDU from PICU 
• Admissions from outside of the ward (e.g., A&E, 
theatre) 
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• Admissions that were elective or planned in advance 
• Admissions directly from operating room/sleep lab 
• Admissions where need for HDU care is attributed to 
need to recover from sedation 
PICU reviews 
A child admitted to the hospital’s children’s ward or HDU who 
is reviewed by an internal member of PICU staff (Tertiary) or 
who is the subject of a phone call to external PICU (DGH) for 
advice, regardless of whether review leads to a PICU admission. 
Other medical emergency 
requiring immediate 
assistance 
A child admitted to the hospital’s children’s ward or HDU who 
subsequently required an arrest call/code for any emergency 
other than a cardiac or respiratory arrest. 
  
Non-ICU patient days (16 
years or under) 
The total number of occupied bed days over the month. 
Calculated by daily census (typically midnight) of inpatients on 
the hospital’s children’s ward(s) and HDU. 
Excludes children over 16 and children on ICU wards. 
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APPENDIX 9: INTERRUPTED TIME SERIES 
Interrupted time series (ITS) is basically is a time series - repeated observations of a particular event 
collected over time - which is interrupted by intervention. In a simple version, ITS analysis involves 
comparison of pre-intervention with post intervention controlling for the counterfactual baseline 
trend, within the same population, where the counterfactual scenario refers to predicting how the 
outcome would have continued over time if no intervention had been implemented (see below). 
Figure 27: Interrupted Times Series Example 
 
 
The most common method for ITS analysis involves fitting segmented regression on ITS dataset 
using autoregressive integrated moving average (ARIMA) method to account for correlation of data 
across time points. Segmented regression enables a researcher to measure statistically the changes 
in immediate (level) changes and trend (slope). We used segmented linear regression to analysis 
data from our study.  
A minimum of three variables are required for an ITS analysis;  I) T:the time elapsed since the start of 
the study in with the unit representing the frequency with which observations are taken (e.g. month 
or year), II) Xt ⁠: a dummy variable indicating the pre-intervention period (coded 0) or the post-
intervention period (coded 1)’ and III) Yt: the outcome at time t. 
In standard ITS analyses, the following segmented regression model is used:   
Yt=β0 +β1T+β2Xt + β3TXt  (1) 
where β0 represents the baseline level at T = 0, β1 is interpreted as the change in outcome 
associated with a time unit increase (representing the underlying pre-intervention trend), β2 is the 
level change following the intervention and β3 indicates the slope change following the intervention 
(using the interaction between time and intervention: TXt ⁠). 
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APPENDIX 10: SUMMARY OF EXPLORATORY AND SENSITIVITY ANALYSES 
Exploratory analysis 
Primary outcomes from each hospital were analysed using common approach, i.e. data from 
implementation period was excluded from the analysis and changes in level and slope were 
examined by comparing data from the pre- and post-implementation period. Additionally, we 
examined changes in the level and slope of trajectory by fitting the ITS model at each individual 
month of the implementation period; resulting in 12 separate models per site. The reason for the 
latter analysis was to assess the pattern of changes in level and slope from the start of 
implementation phase until the end, given the potential for the different local initiatives to exert 
their effects over different time periods in different sites.  
 
Sensitivity Analysis 
As the outcomes are counts, segmented Poisson regression might be considered appropriate. 
Therefore, segmented Poisson regression was also used to analyse primary outcomes as a sensitivity 
analysis.  Zero inflated segmented Poisson regression was used if there are many zero counts in 
primary outcome.  Of note, Poisson regression has memoryless characteristic which means there is 
no need to model residuals to account for autocorrelation. However, the interpretation of the 
results is not as straight forward as linear regression.   With regards to formulation, there is two big 
differences with the one introduced in equation (1) which is the required link function is log function 
rather than identity function. Additionally, log (person-bed days) needs to be added to the left side 
of the equation as an offset term.  
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Results  
Alder Hey 
Exploratory Analysis 1 
This analysis showed a pre-intervention upward trajectory in adverse events (ß =0.02 CI: 0.00, 0.03), 
compared to a downward trend in adverse events in the post-intervention period which was 
significantly different to the pre-intervention trajectory (ß =-0.09, CI: -0.16, -0.01, p=0.03). 
Figure 28: Alder Hey Exploratory Analysis 1 
 
 
 
Exploratory Analysis 2 
In this analysis, we explored the effect of choosing different cut-points for the pre- and post-
intervention periods, across each of the twelve months of the implementation period. This created 
13 separate models, with different pre- and post-intervention inflection points. Each of these cut-off 
points showed a significant downward trajectory for post-intervention trends of adverse events, 
relative to a slight upward trend in the pre-intervention period.  
Table 27: Alder Hey exploratory analysis 2 
  Estimate 95% CI P-value 
O
ct
o
b
er
 1
6
 
Intercept 3.06 2.72 3.41 <0.00001 
 Preintervention Trend  0.01 -0.02 0.05 0.50 
Immediate effect of 
intervention (change in 
level) 
0.85 0.39 1.31 <0.001 
Change in slope (post-
intervention period vs. pre-
intervention period) 
-0.05 -0.09 -0.02 <0.01 
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N
o
ve
m
b
er
 1
6
 
Intercept 2.95 2.68 3.22 <0.00001 
 Preintervention Trend  0.03 0.00 0.05 <0.05 
Immediate effect of 
intervention (change in 
level) 0.76 0.38 1.15 
<0.001 
Change in slope (post-
intervention period vs. pre-
intervention period) -0.07 -0.10 -0.05 
<0.01 
 D
ec
em
b
er
 1
6
 
Intercept 2.96 2.50 3.43 <0.00001 
 Preintervention Trend  0.02 -0.02 0.06 0.27 
Immediate effect of 
intervention (change in 
level) 0.65 0.01 1.29 0.05 
Change in slope (post-
intervention period vs. pre-
intervention period) -0.07 -0.12 -0.02 0.01 
   
Ja
n
u
ar
y 
1
7
 
Intercept 3.07 2.94 3.20 <0.00001 
 Preintervention Trend  0.02 0.01 0.03 0.01 
Immediate effect of 
intervention (change in 
level) 0.76 0.62 0.91 
<0.00001 
Change in slope (post-
intervention period vs. pre-
intervention period) -0.07 -0.09 -0.06 
<0.00001 
  F
eb
ru
ar
y 
17
 
Intercept 3.07 2.94 3.20 <0.00001 
 Preintervention Trend  0.02 0.01 0.03 <0.00001 
Immediate effect of 
intervention (change in 
level) 0.75 0.61 0.91 0.01 
Change in slope (post-
intervention period vs. pre-
intervention period) -0.08 -0.09 -0.06 
<0.00001 
  M
ar
ch
 1
7
 
Intercept 2.91 2.68 3.13 <0.00001 
 Preintervention Trend  0.03 0.01 0.05 0.01 
Immediate effect of 
intervention (change in 
0.57 0.15 0.98 <0.00001 
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level) 
Change in slope (post-
intervention period vs. pre-
intervention period) 
-0.09 -0.11 -0.07 <0.00001 
  A
p
ri
l 1
7
 
Intercept 3.00 2.88 3.12 <0.00001 
 Preintervention Trend  0.02 0.01 0.04 <0.00001 
Immediate effect of 
intervention (change in 
level) 
0.68 0.47 0.91 <0.00001 
Change in slope (post-
intervention period vs. pre-
intervention period) 
-0.10 -0.11 -0.09 <0.00001 
 M
ay
 1
7
 
Intercept 2.99 2.87 3.10 <0.00001 
 Preintervention Trend  0.03 0.01 0.04 <0.00001 
Immediate effect of 
intervention (change in 
level) 0.68 0.41 0.94 
<0.00001 
Change in slope (post-
intervention period vs. pre-
intervention period) -0.11 -0.13 -0.06 
<0.00001 
  J
u
n
e 
17
 
Intercept 2.94 2.83 3.06 <0.00001 
 Preintervention Trend  0.03 0.02 0.04 <0.00001 
Immediate effect of 
intervention (change in 
level) 
0.58 0.26 0.90 <0.00001 
Change in slope (post-
intervention period vs. pre-
intervention period) 
-0.12 -0.14 -0.10 <0.00001 
  J
u
ly
 1
7
 
Intercept 2.87 2.70 3.03 <0.00001 
 Preintervention Trend  0.04 0.02 0.04 <0.00001 
Immediate effect of 
intervention (change in 
level) 0.25 -0.19 0.70 0.27 
Change in slope (post-
intervention period vs. pre-
intervention period) -0.12 -0.15 -0.08 
<0.00001 
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  A
u
gu
st
 1
7
 
Intercept 2.86 2.70 3.01 <0.00001 
 Preintervention Trend  0.04 0.03 0.05 0.01 
Immediate effect of 
intervention (change in 
level) 0.11 -0.36 0.58 0.64 
Change in slope (post-
intervention period vs. pre-
intervention period) -0.11 -0.16 -0.07 
<0.00001 
  S
ep
te
m
b
er
 1
7
 
Intercept 2.87 2.78 3.21 <0.00001 
 Preintervention Trend  0.04 0.03 0.04 0.01 
Immediate effect of 
intervention (change in 
level) 
0.12 -0.33 0.57 0.60 
Change in slope (post-
intervention period vs. pre-
intervention period) 
-0.13 -0.18 -0.09 <0.00001 
O
ct
o
b
er
 1
7
 
Intercept 2.82 2.68 2.97 <0.00001 
 Preintervention Trend  0.04 0.03 0.05 <0.00001 
Immediate effect of 
intervention (change in 
level) 
-0.31 -0.80 0.19 0.23 
Change in slope (post-
intervention period vs. pre-
intervention period) 
-0.10 -0.16 -0.04 <0.00001 
 
Sensitivity analysis 
In this section, the results of fitting Poisson regression on primary outcome are presented.  The 
results from Poisson regression are fairly similar to those from linear regression. Even though change 
in slope (post-intervention period vs. implementation period) is in the same direction, it is no longer 
significant.  
 
Table 28: Alder Hey sensitivity analysis 
 Estimate 95% CI P-value 
Intercept -5.78 -6.00 -5.56 <0.00001 
Trend preintervention  0.00 -0.02 0.02 0.83 
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Immediate effect after start 
of intervention (change in 
level) 
0.18 -0.16 0.52 0.30 
Change in slope 
(implementation period vs. 
pre-intervention period) 
0.00 -0.04 0.04 0.98 
Immediate effect of 
intervention (change in level) 
-0.05 -0.38 0.28 0.78 
Change in slope (post-
intervention period vs. 
implementation period) 
-0.02 -0.07 0.03 0.33 
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Arrowe Park Hospital 
Exploratory Analysis 1 
No exploratory analysis is possible due to small sample size. 
Exploratory Analysis 2 
For this site, because of small sample size we only could fit seven monthly models. No significant 
trend was observed.  
Table 29: Arrowe Park exploratory analysis 2 
  Estimate 95% CI P-value 
O
ct
o
b
er
 1
6
 
Intercept 6.73 5.18 8.28 0.00 
Trend preintervention  -0.09 -0.35 0.16 0.49 
Immediate effect of 
intervention (change in 
level) -0.47 -2.52 1.58 0.66 
Change in trend post-
intervention -0.01 -0.29 0.27 0.93 
D
ec
em
b
er
 1
6
 
Intercept 5.63 1.02 10.23 0.02 
Trend preintervention  0.16 -0.59 0.90 0.66 
Immediate effect of 
intervention (change in 
level) -2.87 -8.76 3.03 0.32 
Change in trend post-
intervention -0.15 -1.13 0.84 0.76 
  F
eb
ru
ar
y 
17
 
Intercept 6.92 6.07 7.77 0.00 
Trend preintervention  -0.13 -0.26 -0.01 0.05 
Immediate effect of 
intervention (change in 
level) -0.04 -1.30 1.23 0.95 
Change in trend post-
intervention 0.00 -0.17 0.16 0.98 
  A
p
ri
l 1
7
 
Intercept 6.91 5.66 8.16 0.00 
Trend preintervention  -0.13 -0.30 0.05 0.16 
Immediate effect of 
intervention (change in 
level) -0.21 -2.39 1.97 0.85 
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Change in trend post-
intervention 0.02 -0.30 0.33 0.92 
  J
u
n
e 
1
7
 
Intercept 6.69 5.54 7.83 0.00 
Trend preintervention  -0.09 -0.24 0.05 0.23 
Immediate effect of 
intervention (change in 
level) -1.19 -3.57 1.19 0.34 
Change in trend post-
intervention 0.14 -0.26 0.54 0.49 
  A
u
gu
st
 1
7
 
Intercept 7.02 5.94 8.10 0.00 
Trend preintervention  -0.15 -0.28 -0.02 0.04 
Immediate effect of 
intervention (change in 
level) 0.06 -2.71 2.82 0.97 
Change in trend post-
intervention 0.02 -0.54 0.58 0.96 
O
ct
o
b
er
 1
7
 
Intercept 6.95 5.93 7.98 0.00 
Trend preintervention  -0.14 -0.25 -0.02 0.03 
Immediate effect of 
intervention (change in 
level) 
-0.40 -3.89 3.08 0.82 
Change in trend post-
intervention 
0.12 -0.75 0.99 0.79 
 
Sensitivity Analysis  
I report the results of fitting zero-inflated Poisson regression on primary outcome using original data, 
i.e. not two monthly data. Similar to the primary analysis of primary outcome, Zero-inflated 
Segmented Poisson regression does not show any significant trend change in either of pre-
intervention, implementation, or post-intervention phases. Additionally, by every unit increase in 
month, the log odds of inflated zero increases by 0.37 which is not significant. 
Table 30: Arrowe Park sensitivity analysis 
 Estimate 95% CI P-value 
Intercept -5.01 -5.61 -4.41 < 0.00001 
Trend preintervention  -0.01 -0.06 0.05 0.80 
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Immediate effect after start 
of intervention (change in 
level) 0.28 -0.61 1.17 0.54 
Change in trend phase-in -0.04 -0.17 0.08 0.49 
Immediate effect of 
intervention (change in 
level) 0.18 -0.78 1.15 0.71 
Change in trend post-
intervention 0.08 -0.06 0.22 0.26 
Log odds of inflated zero 0.37 -0.01 0.75 0.05 
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Noah’s Ark Hospital 
Exploratory Analysis 1 
In this analysis, the downward trend in adverse events in the post-intervention period did not reach 
significance when compared to the pre-intervention trajectory (ß =-0.20, CI: -0.65, 0.25, p=0.37). 
 
Figure 29: Noah’s Ark Exploratory Analysis 1 
 
 
 
Exploratory Analysis 2 
In the second analysis, we explored the effect of choosing different cut-points for the pre- and post-
intervention periods, across each of the twelve months of the implementation period. This created 
13 separate models, with different pre- and post-intervention inflection points. From June 2017 
there was a significant downward trajectory for post-intervention trends of adverse events, relative 
to a slight upward trend in the pre-intervention period.  
Table 31: Noah's Ark exploratory analysis 2 
  Estimate 95% CI P-value 
O
ct
o
b
er
 1
6
 
Intercept 3.00 1.71 4.28 <0.00001 
Trend preintervention  0.05 -0.07 0.18 0.41 
Immediate effect of 
intervention (change in 
level) 0.25 -1.21 1.72 0.74 
Change in trend post-
intervention 0.01 -0.12 0.14 0.88 
N
o
ve
m
b
e
r 
1
6
 
Intercept 3.06 1.90 4.23 <0.00001 
Trend preintervention  0.04 -0.06 0.15 0.43 
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Immediate effect of 
intervention (change in 
level) 0.48 -0.90 1.85 0.50 
Change in trend post-
intervention 0.01 -0.11 0.13 0.86 
 D
ec
em
b
er
 1
6
 
Intercept 2.90 1.81 3.99 <0.00001 
Trend preintervention  0.06 -0.03 0.16 0.21 
Immediate effect of 
intervention (change in 
level) 0.17 -1.17 1.51 0.80 
Change in trend post-
intervention 0.00 -0.11 0.11 0.98 
   
Ja
n
u
ar
y 
1
7
 
Intercept 2.90 1.81 3.99 <0.00001 
Trend preintervention  0.06 -0.03 0.16 0.21 
Immediate effect of 
intervention (change in 
level) 0.17 -1.17 1.51 0.80 
Change in trend post-
intervention 0.00 -0.11 0.11 0.98 
  F
eb
ru
ar
y 
17
 
Intercept 3.04 2.06 4.01 <0.00001 
Trend preintervention  0.04 -0.03 0.12 0.28 
Immediate effect of 
intervention (change in 
level) 0.79 -0.52 2.09 0.24 
Change in trend post-
intervention -0.01 -0.11 0.09 0.84 
  M
ar
ch
 1
7
 
Intercept 2.95 2.02 3.88 <0.00001 
Trend preintervention  0.05 -0.02 0.12 0.14 
Immediate effect of 
intervention (change in 
level) 0.64 -0.65 1.93 0.34 
Change in trend post-
intervention -0.02 -0.12 0.08 0.68 
  A
p
ri
l 1
7
 Intercept 2.96 2.07 3.84 <0.00001 
Trend preintervention  0.05 -0.01 0.12 0.10 
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Immediate effect of 
intervention (change in 
level) 0.78 -0.48 2.05 0.23 
Change in trend post-
intervention -0.04 -0.14 0.07 0.50 
 M
ay
 1
7
 
Intercept 3.01 2.17 3.85 <0.00001 
Trend preintervention  0.05 -0.01 0.11 0.09 
Immediate effect of 
intervention (change in 
level) 1.07 -0.15 2.30 0.09 
Change in trend post-
intervention -0.06 -0.16 0.04 0.28 
  J
u
n
e 
1
7
 
Intercept 3.09 2.29 3.89 <0.00001 
Trend preintervention  0.05 0.00 0.10 0.07 
Immediate effect of 
intervention (change in 
level) 1.38 0.16 2.61 0.03 
Change in trend post-
intervention -0.09 -0.20 0.02 0.11 
  J
u
ly
 1
7
 
Intercept 3.10 2.31 3.88 <0.00001 
Trend preintervention  0.05 0.00 0.10 0.04 
Immediate effect of 
intervention (change in 
level) 1.49 0.22 2.76 0.03 
Change in trend post-
intervention -0.12 -0.24 -0.01 0.04 
  A
u
gu
st
 1
7
 
Intercept 3.17 2.43 3.92 <0.00001 
Trend preintervention  0.05 0.01 0.09 0.02 
Immediate effect of 
intervention (change in 
level) 1.80 0.50 3.10 0.01 
Change in trend post-
intervention -0.18 -0.30 -0.05 0.01 
  Se
p
te
m
b
er
 1
7
 
Intercept 3.10 2.38 3.83 <0.00001 
Trend preintervention  0.06 0.02 0.10 0.01 
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Immediate effect of 
intervention (change in 
level) 1.73 0.36 3.10 0.02 
Change in trend post-
intervention -0.21 -0.36 -0.06 0.01 
O
ct
o
b
er
 1
7
 
Intercept 3.12 2.41 3.82 <0.00001 
Trend preintervention  0.06 0.02 0.10 <0.00001 
Immediate effect of 
intervention (change in 
level) 1.92 0.48 3.36 0.01 
Change in trend post-
intervention -0.27 -0.45 -0.10 <0.00001 
 
Sensitivity analysis 
Apart from the preintervention level and level change in post-intervention, the results from Poisson 
regression are fairly similar to those from linear regression. Even though change in slope (post-
intervention period vs. implementation period) is in the same direction, it is no longer significant .  
Table 32: Noah's Ark sensitivity analysis 
 Estimate 95% CI P-value 
Intercept -5.59 -5.99 -5.20 <0.00001 
Trend preintervention  0.00 -0.04 0.04 0.93 
Immediate effect after start 
of intervention (change in 
level) 
0.29 -0.27 0.84 0.31 
Change in trend phase-in 0.00 -0.07 0.07 0.99 
Immediate effect of 
intervention (change in 
level) 
0.22 -0.40 0.84 0.49 
Change in trend post-
intervention 
-0.01 -0.08 0.06 0.69 
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Morriston Hospital 
Exploratory Analysis 1 
This analysis showed a slight downward trajectory in adverse events during the pre-intervention 
period that was not significant (ß =-0.14 CI: -1.12, 0.85; p=0.78). In the post-intervention period, 
there was a slight downward change in the post-intervention slope compared with the trajectory but 
this was not significant (ß =-0.10, CI: -1.90, 1.71; p=0.91). 
 
Figure 30: Morriston Hospital Exploratory Analysis 1 
 
 
Exploratory Analysis 2 
There was a small but non-significant change in post-intervention trend in all the models. 
Table 33:  Morriston exploratory analysis 2 
  Estimate 95% CI P-value 
O
ct
o
b
er
 1
6
 
Intercept 28.42 25.62 31.22 <0.00001 
Trend preintervention  0.07 -0.22 0.36 0.64 
Immediate effect of 
intervention (change in 
level) -3.27 -6.36 -0.19 0.04 
Change in trend post-
intervention -0.26 -0.54 0.01 0.07 
N
o
ve
m
b
er
 1
6
 
Intercept 29.21 26.92 31.50 <0.00001 
Trend preintervention  -0.03 -0.25 0.18 0.77 
Immediate effect of 
intervention (change in 
level) -3.20 -6.07 -0.33 0.04 
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Change in trend post-
intervention -0.13 -0.34 0.08 0.24 
 D
ec
em
b
er
 1
6
 
Intercept 29.47 27.37 31.57 <0.00001 
Trend preintervention  -0.06 -0.25 0.12 0.50 
Immediate effect of 
intervention (change in 
level) -3.30 -6.11 -0.50 0.03 
Change in trend post-
intervention -0.07 -0.27 0.13 0.49 
   
Ja
n
u
ar
y 
1
7
 
Intercept 29.47 27.37 31.57 <0.00001 
Trend preintervention  -0.06 -0.25 0.12 0.50 
Immediate effect of 
intervention (change in 
level) -3.37 -6.21 -0.53 0.03 
Change in trend post-
intervention -0.07 -0.27 0.13 0.49 
  F
eb
ru
ar
y 
1
7
 
Intercept 29.47 27.37 31.57 <0.00001 
Trend preintervention  -0.06 -0.25 0.12 0.50 
Immediate effect of 
intervention (change in 
level) -3.37 -6.21 -0.53 0.03 
Change in trend post-
intervention -0.07 -0.27 0.13 0.49 
  M
ar
ch
 1
7
 
Intercept 29.51 27.40 31.62 <0.00001 
Trend preintervention  -0.07 -0.26 0.12 0.48 
Immediate effect of 
intervention (change in 
level) 
-3.42 -6.31 -0.53 0.03 
Change in trend post-
intervention 
-0.07 -0.27 0.13 0.52 
  A
p
ri
l 1
7
 
Intercept 29.53 27.40 31.66 <0.00001 
Trend preintervention  -0.07 -0.26 0.12 0.48 
Immediate effect of 
intervention (change in 
level) -3.47 -6.42 -0.51 0.03 
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Change in trend post-
intervention -0.06 -0.27 0.14 0.54 
 M
ay
 1
7
 
Intercept 29.57 27.41 31.72 <0.00001 
Trend preintervention  -0.07 -0.26 0.12 0.47 
Immediate effect of 
intervention (change in 
level) -3.49 -6.52 -0.46 0.03 
Change in trend post-
intervention -0.06 -0.28 0.16 0.58 
  J
u
n
e 
1
7
 
Intercept 29.61 27.43 31.79 <0.00001 
Trend preintervention  -0.08 -0.27 0.12 0.45 
Immediate effect of 
intervention (change in 
level) -3.50 -6.62 -0.38 0.03 
Change in trend post-
intervention -0.06 -0.29 0.18 0.63 
  J
u
ly
 1
7
 
Intercept 29.65 27.44 31.85 <0.00001 
Trend preintervention  -0.08 -0.28 0.12 0.44 
Immediate effect of 
intervention (change in 
level) -3.50 -6.70 -0.30 0.04 
Change in trend post-
intervention -0.06 -0.31 0.20 0.67 
  A
u
gu
st
 1
7
 
Intercept 29.71 27.48 31.93 <0.00001 
Trend preintervention  -0.08 -0.29 0.12 0.42 
Immediate effect of 
intervention (change in 
level) -3.47 -6.76 -0.18 0.05 
Change in trend post-
intervention -0.05 -0.33 0.23 0.73 
  S
ep
te
m
b
er
 1
7
 
Intercept 29.77 27.53 32.01 <0.00001 
Trend preintervention  -0.09 -0.29 0.11 0.39 
Immediate effect of 
intervention (change in 
level) -3.42 -6.79 -0.05 0.05 
  336 
Change in trend post-
intervention -0.04 -0.35 0.27 0.79 
O
ct
o
b
er
 1
7
 
Intercept 31.29 29.71 32.87 <0.00001 
Trend preintervention  -0.25 -0.35 -0.15 <0.00001 
Immediate effect of 
intervention (change in 
level) -2.61 -7.90 2.68 0.34 
Change in trend post-
intervention 0.48 -0.22 1.19 0.19 
 
Sensitivity analysis 
Similar to the segmented linear regression, segmented Poisson regression did not showed any 
significant trend in Swansea dataset.  
Table 34: Morriston sensitivity analysis 
 Estimate 95% CI P-value 
Intercept -3.50 -3.72 -3.28 <0.00001 
Trend preintervention  0.00 -0.03 0.02 0.70 
Immediate effect after start 
of intervention (change in 
level) 0.14 -0.21 0.50 0.43 
Change in trend phase-in -0.04 -0.09 0.01 0.11 
Immediate effect of 
intervention (change in 
level) 0.35 -0.09 0.79 0.12 
Change in trend post-
intervention 0.03 -0.03 0.09 0.39 
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APPENDIX 11: SUMMARY STUDY OF CHARACTERISTICS OF VALIDATION AND EFFECTIVENESS 
PAPERS IN REVIEWS 1 & 2 
Table 35: Summary study of characteristics of validation and effectiveness papers, 
Reviews 1 & 2 
Validation studies (n=36) Effectiveness studies (n=30) 
 N %  n % 
Type   Type   
Full text 22 61.1 Full text 21 70.0 
Abstract 14 38.9 Abstract 9 30.0 
      
Country   Country   
United States  15 41.7 United States  18 60.0 
United Kingdom 12 33.3 United Kingdom 3 10.0 
Canada 2 5.5 Canada 2 6.7 
Australia 0 0.0 Australia 3 10.0 
Other 5 13.9 Other 3 10.0 
Multiple 1 2.8 Multiple 1 3.3 
Unclear 1 2.8 Unclear 0 0.0 
      
Year of study   Year of study   
Pre-2012 10 27.8 Pre-2012 15 50.0 
2012 3 8.3 2012 1 3.3 
2013 6 16.7 2013 2 6.7 
2014 5 13.9 2014 6 20.0 
2015 7 19.4 2015 0 0.0 
2016 2 5.6 2016 2 6.7 
2017 3 8.3 2017 1 3.3 
2018 0 0.0 2018 3 10.0 
  338 
      
Setting   Setting   
Specialist / tertiary 33 91.7 Specialist / tertiary 29 96.7 
Non-specialist / community 0 0.0 Non-specialist / community 1 3.3 
Unclear 3 8.3 Unclear 0 0.0 
      
Single / multi-centre   Single / multi-centre   
Single-centre 35 97.2 Single-centre 28 93.3 
Multi-centre 1 2.8 Multi-centre 2 6.7 
      
Study population   Study population   
General in-patients 23 63.9 General in-patients 20 66.6 
Specialist population 11 30.6 Specialist population 5 16.7 
Unclear 2 5.6 Unclear 5 16.7 
      
Study design   Study design   
Case-control 18 50.0 Uncontrolled before-after 26 86.7 
Case / chart review 10 27.8 Controlled before-after 1 3.3 
Cohort 7 19.4 Interrupted Time Series 2 6.7 
Pilot study 1 2.8 Cluster randomised trial 1 3.3 
 
  339 
APPENDIX 12:  RANGE OF PHYSIOLOGICAL AND BEHAVIOURAL PARAMETERS UNDERPINNING PTTTS 
Table 36: Range of physiological and behavioural parameters underpinning PTTTs 
PTTT name 
(references) 
Development/ 
modification details 
Score/ 
trigger 
Choice of 
thresholds/ 
parameters 
Age-
dependent 
thresholds? 
No. 
of 
items 
in the 
tool* 
PTTT parameters 
Respiratory 
rate 
Heart 
rate 
Respiratory 
effort/ 
distress 
LOC/ 
behaviour 
Oxygen 
saturation 
Capillary 
Refill 
time 
Oxygen 
therapy 
Systolic 
Blood 
pressure Pain 
Staff 
concern 
Skin 
colour 
Airway 
problems Temperature Pulses 
Family 
concern Other items 
Paediatric Early Warning System score and derivatives  
Paediatric 
Early Warning 
System (PEWS) 
score (17, 54) 
Developed for use in 
Canadian tertiary 
centre (17). Nurse-
generated candidate 
items reduced by 
focus groups/Delphi 
and evaluation with 
clinical dataset (code 
blue calls, n=87; 
controls, n=128). 
Development and 
validation datasets 
not independent.  
Score  Expert 
opinion  Yes  16  ✓  ✓    ✓  ✓  ✓  ✓  ✓        ✓  ✓  ✓    
Bolus fluid, 
medications, 
home oxygen, 
any previous 
admission to an 
ICU, central 
venous line in 
situ, transplant 
recipient, 
severe cerebral 
palsy, 
gastrostomy 
tube, greater 
than 3 medical 
specialties 
involved in care  
Bedside 
Paediatric 
Early Warning 
Score (PEWS) 
(44, 50, 51, 54, 
69, 72 77, 87, 
92 97)  
Developed for use in 
US tertiary centre 
(18). Routinely 
collected items 
assessed for 
discriminatory ability 
using clinical dataset 
Score  Expert 
opinion  Yes  7  ✓  ✓  ✓    ✓  ✓  ✓  ✓                  
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(PICU admission, 
n=60; controls, 
n=120). 
Development and 
validation set not 
independent.  
Modified 
Bedside PEWS 
(a) (56) 
Modification to 
Bedside PEWS for 
use in Dutch tertiary 
centre. Added 
temperature; 
modified wording of 
respiratory effort 
and oxygen therapy 
items.  
Score  Expert 
opinion  Yes  8  ✓  ✓  ✓    ✓  ✓  ✓  ✓          ✓        
Modified 
Bedside PEWS 
(b) (74) 
Modification to 
Bedside PEWS for 
use in US tertiary 
centre. Changed 
normal thresholds 
for HR and RR based 
on analysis of local 
clinical data.  
Score  HR / RR data 
driven  Yes  7  ✓  ✓  ✓    ✓  ✓  ✓  ✓                  
Brighton PEWS and derivatives  
Brighton PEWS 
(36, 82)  
Initial development 
for use in UK tertiary 
centre. Adapted 
from existing adult 
scores but amended 
based on local 
clinical consensus. 
Small audit of 
patients (n=30) 
described but no 
formal validation.  
Score  Expert 
opinion  No  5  ✓  ✓  ✓  ✓    ✓  ✓        ✓          
¼ hourly 
nebulisers, 
persistent 
vomiting post-
surgery  
Modified 
Brighton PEWS 
(a) (44, 57, 64)  
Modification of 
Brighton PEWS for 
use in general 
medical ward of a US 
tertiary centre. 
Altered thresholds 
for oxygen therapy; 
changed wording for 
respiratory effort; 
Score  Expert 
opinion  No  5  ✓  ✓  ✓  ✓    ✓  ✓        ✓          
¼ hourly 
nebulisers, 
persistent 
vomiting post-
surgery  
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modified escalation 
algorithm.  
Modified 
Brighton PEWS 
(b) 71, 95)  
Modification of 
Brighton PEWS for 
use in US tertiary 
centre. Added age-
dependent 
thresholds for HR 
and RR.  
Score  Expert 
opinion  Yes  5  ✓  ✓  ✓  ✓    ✓  ✓        ✓          
¼ hourly 
nebulisers, 
persistent 
vomiting post-
surgery  
Modified 
Brighton PEWS 
(c) (80) 
Modification of 
Brighton PEWS for 
use in a US 
haematology / 
oncology unit. 
Altered thresholds; 
changed respiratory 
effort wording; 
modified escalation 
algorithm; added and 
removed items. No 
formal validation 
study reported.  
Score  Expert 
opinion  No  3  ✓  ✓  ✓  ✓    ✓  ✓        ✓        ✓    
Modified 
Brighton PEWS 
(d) (73)  
Modification of 
Brighton PEWS for 
use in a US tertiary 
centre.  
Modified wording of 
Behaviour 
component, added 
age-dependent 
thresholds for HR 
and RR; removed 
nebulisers and 
persistent vomiting.  
Score  Expert 
opinion  Yes  3  ✓  ✓  ✓  ✓    ✓  ✓        ✓            
Modified 
Brighton PEWS 
(e) (94)  
Modification of 
Brighton PEWS for 
use in a US tertiary 
centre.  
Modified wording of 
Behaviour and 
respiratory effort 
items; altered 
thresholds for O2 
therapy; removed 
Score  Expert 
opinion  No  3  ✓  ✓  ✓  ✓    ✓  ✓        ✓            
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nebs and persistent 
vomiting items. No 
formal validation 
study reported.  
Texas 
Children’s 
Hospital (TCH) 
PAWS (47)  
Modification of 
Brighton PEWS for 
use in a US tertiary 
centre.  
Modified wording of 
Behaviour category; 
added scoring items 
to Resp. and 
Cardiovascular 
categories; changed 
O2 therapy 
thresholds; modified 
escalation 
algorithm.  
Score  Expert 
opinion  No  5  ✓  ✓  ✓  ✓  ✓  ✓  ✓        ✓          
Hourly 
respiratory 
treatments; 
persistent 
vomiting post-
surgery  
Children’s 
Hospital Early 
Warning Score 
(CHEWS) (62)  
Modification of 
Brighton PEWS for 
use in a US tertiary 
centre. Altered 
thresholds for O2 
therapy; changed 
wording for 
Behaviour and Resp. 
categories; added 
staff and family 
concern; removed 
nebs and vomiting; 
modified escalation 
algorithm.  
Score  Expert 
opinion  No  5  ✓  ✓  ✓  ✓    ✓  ✓      ✓  ✓        ✓    
Children’s 
Hospital 
Cardiac Early 
Warning Score 
(C-CHEWS) 
(66, 67, 94)  
Modification of 
Brighton PEWS for 
cardiac ward of a US 
tertiary centre. 
Altered O2 therapy 
thresholds; added 
items to Behaviour, 
Resp. and 
Cardiovascular 
categories; added 
family & staff 
concern; added age-
related thresholds; 
Score  Expert 
opinion  Yes  5  ✓  ✓  ✓  ✓  ✓  ✓  ✓    ✓  ✓  ✓      ✓  ✓    
  343 
removed nebs and 
vomiting items; 
modified escalation 
algorithm.  
Burn-specific 
PEWS (49)  
Modification of 
Brighton PEWS, for 
use in a specialist 
Burn Centre of a US 
tertiary centre. 
Added temperature; 
added intake and 
output scoring items; 
added Skin 
component.  
Score  Expert 
opinion  No  6  ✓  ✓  ✓  ✓  ✓  ✓  ✓        ✓      ✓    
Intake; outputs; 
skin  
Children’s 
Hospital Los 
Angeles 
(CHLA) PEWS( 
65)  
Modification of 
Brighton PEWS for 
use in a US tertiary 
centre. Added 
medical history 
scoring item; added 
single ventricle 
physiology scoring 
item; changed O2 
therapy thresholds; 
added items to Resp. 
category.   
Score  Expert 
opinion    4  ✓  ✓  ✓  ✓    ✓  ✓        ✓          
RRT, code blue, 
or transfer 
from/to PICU in 
past 2 weeks; 
single ventricle 
physiology; any 
assisted 
ventilation  
Melbourne Activation Criteria and derivatives  
Melbourne 
Activation 
Criteria (MAC) 
(53, 38, 58, 
90)  
Initial development 
for use in an 
Australian tertiary 
centre to activate 
MET. Adapted from 
adult MET calling 
criteria, using age-
appropriate 
thresholds. No 
formal validation 
study reported.  
Trigger  Expert 
opinion  Yes  9  ✓  ✓  ✓  ✓  ✓      ✓    ✓    ✓        
Cardiac or 
respiratory 
arrest  
Modified MAC 
(91) 
Modification of MAC 
for use in a Canadian 
tertiary centre, to 
activate a RRS. 
Removed cardiac / 
respiratory arrest 
Trigger  Expert 
opinion  Yes  8  ✓  ✓  ✓  ✓  ✓      ✓    ✓    ✓          
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outcome. No formal 
validation study 
reported.  
Cardiff & Vale 
Paediatric 
Early Warning 
Score 
(C&VPEWS) 
(16, 58)  
Modification of MAC 
for evaluation in a UK 
tertiary centre. 
Removed cardiac / 
respiratory arrest 
outcome; altered 
thresholds of some 
items; evaluated as 
an aggregate score 
rather than single-
item trigger.  
Score  Expert 
opinion  Yes  8  ✓  ✓  ✓  ✓  ✓      ✓    ✓    ✓          
Bristol Paediatric Early Warning Tool and derivatives  
Bristol 
Paediatric 
Early Warning 
Tool (PEWT) 
(53, 37, 54, 59, 
60)  
Initial development 
for use in a UK 
tertiary centre. Initial 
candidate items 
drawn from un-
validated Plymouth 
tool – retrospectively 
evaluated for ability 
to predict adverse 
events among cases 
(n=360, HDU or PICU 
transfers). 
Development and 
validation dataset 
not independent.  
Trigger  APLS values  Yes  14  ✓  ✓    ✓  ✓  ✓  ✓  ✓  ✓  ✓    ✓        
Required 
nebulised 
adrenaline; 
hyperkalaemia; 
suspected 
meningococcus; 
diabetic 
ketoacidosis; 
persistent 
convulsion  
Modified 
Bristol PEWT 
(a) (95)  
Modification of 
Bristol PEWT for a UK 
tertiary centre. 
Adjusted wording of 
Airway parameters; 
added respiratory 
items; added AVPU 
evaluation; removed 
suspected meingococ
cus and diabetic 
ketoacidosis; 
added ph<7.2 and 
unresolved pain. No 
formal validation 
Trigger  APLS values  Yes  14  ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓    ✓        
Required 
nebulised 
adrenaline or 
no 
improvement 
after nebulisers; 
pH<7.2; 
unresolved pain 
or current 
analgesic 
therapy; fitting  
  345 
study reported.  
Modified 
Bristol PEWT 
(b) (63)  
Modification of 
Bristol PEWT for 
cardiac ward of a UK 
tertiary centre. 
Amended HR and RR 
thresholds. Adjusted 
wording of Airway 
parameters; added 
respiratory items; 
added AVPU 
evaluation; removed 
suspected meingococ
cus and diabetic 
ketoacidosis; 
added ph<7.2 and 
unresolved pain  
Trigger  HR / RR data 
driven  Yes  14  ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓  ✓    ✓        
Required 
nebulised 
adrenaline or 
no 
improvement 
after nebulisers; 
pH<7.2; 
unresolved pain 
or current 
analgesic 
therapy; fitting  
Other PTTT  
NHS Institute 
for Innovation 
and 
Improvement 
(NHS III) PEWS 
(39)  
Designed as part 
of a NHS Institute 
fellowship project. 
Adapted from adult 
scores and Brighton 
PEWS.  
No formal 
development or 
internal validation 
study published.  
Score  APLS values  Yes  6  ✓  ✓  ✓  ✓      ✓      ✓              
Paediatric 
Medical 
Emergency 
Team (PMET) 
triggering 
criteria (a) 
(40)  
Initial development 
for use in a US 
tertiary centre to 
activate a MET.  
Retrospective chart 
review of case 
patients (n-44, code 
calls) used to 
generate candidate 
items. Clinical 
judgement used to 
select final items. No 
formal validation of 
final tool reported.  
Trigger  Expert 
opinion  No  4      ✓  ✓  ✓          ✓  ✓        ✓  
Worsening 
retractions; 
cyanosis  
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Paediatric 
Medical 
Emergency 
Team 
(PMET)  trigger
ing criteria (b) 
(41)  
Initial development 
for use in a US 
tertiary centre to 
activate a MET.  
Minimal description 
of tool development 
– authors 
deliberately chose 
broad criteria and 
categories of illness 
rather than specific 
vital signs.  
No formal validation 
study reported.  
Trigger  Expert 
opinion  Unclear  12  ✓  ✓  ✓  ✓  ✓          ✓          ✓  
Cardiac or 
respiratory 
arrest; seizures 
with apnoea; 
progressive 
lethargy; 
circulatory 
compromise/ac
ute shock 
syndrome  
Paediatric 
Rapid 
Response 
Team (PRRT) 
triggering 
criteria (a) 
(42)  
Initial development 
for use in a US 
tertiary centre, to 
activate a RRT.  
Triggering items 
elected through 
expert consensus 
locally – reference to 
similarity to MAC and 
PMET triggering 
criteria (a). No 
formal validation 
study reported.  
Trigger  Expert 
opinion  No  6  ✓  ✓    ✓  ✓      ✓    ✓              
Paediatric 
Rapid 
Response 
Team (PRRT) 
triggering 
criteria (b) (43) 
Initial development 
for use in calling RRT 
team in a tertiary 
centre in Pakistan. 
Minimal explanation 
for selection of 
calling criteria. No 
formal validation 
study reported in the 
literature.  
Trigger  Unclear  Yes  8  ✓  ✓  ✓  ✓  ✓      ✓    ✓            Convulsion  
Logistic 
regression 
algorithm (44) 
Initial development 
based on data mining 
of electronic health 
records in US 
tertiary-centre. 
Extracted 24 hours of 
clinical data from 
inpatients (n=6,722 
Score  Expert 
opinion  Yes  29  ✓  ✓  ✓  ✓  ✓  ✓    ✓  ✓        ✓      
Acuity level 
(local measure); 
tissue perfusion 
and 
oxygenation  
  347 
controls, 526 PICU 
transfers) and used 
logistic regression 
model to select 29 
item tool. Validation 
performed on subset 
of development 
dataset.  
* Multiple parameters are often required to be collected for each scoring item/category, e.g., scoring the ‘Cardiovascular’ category in the Brighton PEWS requires collection / evaluation of heart rate, skin colour and 
capillary refill time  
† Denotes a study included in the effectiveness review  
APLS: Advanced Paediatric Life Support; AVPU: Alert, Voice, Pain, Unresponsive; GCS: Glasgow Coma Scale; HR: Heart rate; LOC: Level of consciousness; PHDU: Paediatric High-Dependency Unit; PICU: Paediatric 
Intensive Care Unit; PTTS: Paediatric Track and Trigger Tool; RR: Respiratory rate.   
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APPENDIX 13: VALIDATION PAPERS EXCLUDED FROM ANALYSIS 
Table 37: Validation papers excluded from analysis 
PTTT 
First 
author, 
year Country 
Study 
population 
Study 
design N
u
m
b
e
r 
o
f 
ce
n
tr
es
 
P
TT
T 
u
se
d
 in
 p
ra
ct
ic
e
? 
In
te
rn
al
 /
 e
xt
er
n
al
 
va
lid
at
io
n
 s
tu
d
y?
 
Outcome 
measures 
Sample 
size S
co
re
 o
r 
tr
ig
ge
r?
 
Study overview and reason for exclusion from validation results Q
u
al
it
y 
sc
o
re
 (
m
ax
 =
 2
4
) 
Modified 
Brighton 
PEWS (a) 
Garlick 
201351 
US 
All in-
patients 
(MET calls 
only) 
Case-
control 
study 
(retrospe
ctive) 
1 N Ext 
Transfer to 
PICU 
267 (116 
cases) 
S 
Describes review of MET calls (n=267) to evaluate predictive ability of Modified 
Brighton PEWS tool for identifying children requiring transfer to PICU (n=116). 
Results presented in terms of association between PEWS and odds of transfer to 
higher level of care – no evaluation of performance characteristics such as 
AUROC, sensitivity or specificity. 
8 
Medar 
201552 
Unclear 
RRT calls 
only 
Chart 
review 
(retrospe
ctive) 
1 NR Ext RRT call 61 S 
Describes retrospective review of RRT calls (n=61) to evaluate Modified 
Brighton PEWS at time of admission and time of RRT call. Report higher median 
PEWS score for patients at time of RRT call compared to admission. No 
evaluation of performance characteristics such as AUROC, sensitivity or 
specificity.   
6 
Texas 
Children’s 
Hospital 
(TCH) 
PAWS 
Bell 
201353 
US 
General 
medical 
ward & 
two 
specialist 
units 
Chart 
review 
(retrospe
ctive) 
1 Y Int 
Other 
validated 
scales (e.g., 
Glasgow 
Coma Scale) 
150 S 
Describes development and implementation of the TCH PAWS tool in three 
wards of a specialist paediatric unit in the US. TCH PAWS amended locally from 
the Brighton PEWS. Reports on internal reliability (correlation coefficients 
between 3 categories of the score) and inter-rater reliability of scoring among 
nurses. Also compares scores on sub-categories to other measures, e.g., the 
Behavioural sub-score is compared to the Glasgow Coma Scale. No evaluation of 
performance characteristics such as AUROC, sensitivity or specificity. 
12 
Cardiac 
Children’s 
Hospital 
Early 
Warning 
Score (C-
CHEWS) 
McLellan 
201354 
US 
Cardiac 
unit 
Tool 
develop
ment  
1 Y Int 
Cardiac ICU 
transfer 
27 S 
Describes the development and implementation of a modified version of the 
Children’s Hospital Early Warning score for cardiac patients. Results focus on 
tool modification and implementation challenges – no evaluation of 
performances characteristics such as AUROC, sensitivity or specificity. Validation 
of the tool described in a separate paper. 
9 
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Burn-
specific 
PEWS 
Rahman 
201455 
US 
Specialist 
burn unit 
Chart 
review 
(retrospe
ctive) 
1 Y Int 
Burn 
injuries 
50 S 
Conference abstract only. Describes development and implementation of a 
modified version of the Brighton PEWS, for use with in-patients with burn 
injuries. Analysis of 50 randomly selected charts – results focus on compliance 
with scoring and relationship between PTTT score and extent of burn injuries. 
No evaluation of performance characteristics such as AUROC, sensitivity or 
specificity. 
13 
Bedside 
Paediatric 
Early 
Warning 
Score 
(PEWS) 
Hopkins 
201356 
US 
All in-
patients 
(code blue 
and RRT 
calls only) 
Chart 
review 
(retrospe
ctive) 
1 N Ext 
PICU 
transfer and 
critical 
intervention 
in PICU 
among RRT 
and code 
calls 
113 (64 
cases) 
S 
Conference abstract only. Describes retrospective chart review of code blue and 
RRT calls over a year – Bedside PEWS scores calculated and comparisons drawn 
between patients eventually transferred to PICU and those who stayed on ward. 
Preliminary analysis given in terms of mean PEWS scores for different groups – 
no evaluation of performance characteristics such as AUROC, sensitivity or 
specificity.   
6 
Gawrons
ki 201357 
Italy 
Bone 
marrow 
transplant 
unit 
Case-
control 
study 
(retrospe
ctive) 
1 N Ext 
Urgent PICU 
transfer, 
PICU 
consult or 
death 
21 (11 
cases) 
S 
Conference abstract only. Describes case-control study evaluating Bedside 
PEWS in an Italian bone marrow transplant unit, in relation to urgent PICU 
transfers or consultations. Preliminary analysis only – comparison of mean PTTT 
scores for cases and controls. No evaluation of performance characteristics such 
as AUROC, sensitivity or specificity.   
6 
Bristol 
Paediatric 
Early 
Warning 
Tool 
(PEWT) 
Haines 
200644 
UK 
All in-
patients 
Chart 
review 
(retrospe
ctive) 
1 Y Int 
Transfer to 
PICU or 
HDU 
360 (180 
cases) 
T 
Describes development and piloting of the Bristol PEWT in a UK tertiary centre. 
Only included children who would have triggered the pilot version of the tool 
(n=360) and then identified PICU or HDU transfers from this population. Paper 
presents specificity and sensitivity outcomes but they are incorrectly calculated, 
so results not included in analysis. 
9 
Modified 
Bristol 
PEWT (a) 
Sefton 
201458 
UK 
All in-
patients 
Chart 
review 
(retrospe
ctive) 
1 Y Int 
Transfer to 
PICU, 
cardiac / 
respiratory 
arrest or 
unexpected 
death 
Unclear T 
Conference abstract only. Describes a retrospective review of 5 years of data 
from locally implemented PTTT in a UK tertiary centre, presenting a multiple 
regression model identifying seven components (including age) most strongly 
associated with subsequent adverse event if triggered. Of the six clinical 
elements, all were associated with increased odds of an adverse event, except 
nurse concern which was significantly associated with decreased odds of an 
adverse event. No evaluation of overall PTTT performance characteristics such 
as AUROC, sensitivity or specificity.  
10 
All studies conducted in a specialist / tertiary centre. 
 
Studies classified as internal validation if the setting for the study was the same hospital and same research team as those who developed the score. Studies classified as external validation if the score was tested in 
a different centre and by a different research team to those who developed it. 
 
AUROC, area under the receiver operator characteristic curve; Ext, external validation ; HFNC, high flow nasal cannula; Int, Internal validation; NPV, negative predictive value; PHDU, paediatric high-dependency unit; 
PICU, paediatric intensive care unit ; PPV, positive predictive value; PTTT, paediatric track and trigger tool; RRT, rapid response team; S, score; T, trigger; UK, United Kingdom; US, United States;  
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APPENDIX 14: SUMMARY OF PTTT VALIDATION STUDY OUTCOMES  
Table 38: Summary of PTTT validation study outcomes 
PTTT 
First 
author, 
year Country 
Study 
population 
Study 
design N
u
m
b
e
r 
o
f 
ce
n
tr
es
 
P
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 p
ra
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o
re
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u
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o
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W
h
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h
 s
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n
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o
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n
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A
U
R
O
C
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P
P
V
 
N
P
V
 
Notes on accuracy 
/ reliability of 
scoring and 
missing data Q
u
al
it
y 
sc
o
re
 (
m
ax
 =
 2
4
) 
Paediatric 
Early 
Warning 
System 
(PEWS) 
score 
Duncan 
2006  
(17) 
Canada 
All in-
patients 
Case-
control 
study 
(retrospe
ctive) 
1 No Int 
Code blue 
call for 
actual or 
impending 
cardiopulm
onary arrest 
215 (87 
cases) 
S 
5 / 
26 
Max 
24hrs 
before 
event 
(hourly) 
0.90 78.0 95.0 4.2†  
No details on data 
abstraction. 
13% of eligible 
cases and 84% of 
eligible controls 
excluded due to 
incomplete clinical 
data. 
14 
Robson 
2013 (60) 
US 
All in-
patients 
Case-
control 
study 
(retrospe
ctive) 
1 No Ext 
Code blue 
call 
192 (96 
cases) 
S 
5 / 
32 
Max 
24hrs 
before 
event (6 
hourly) 
0.85 86.6 72.2   
Four researchers 
scored PTTT from 
20 charts, inter-
rater reliability of 
0.95. No details on 
extent of missing 
data. 
8 
Chapman 
2017 (61) 
UK 
All in-
patients 
Case-
control 
study 
(retrospe
ctive) 
1 No Ext 
Death, 
arrest or 
unplanned 
PICU 
transfer 
608 (297 
cases) 
S 
7 / 
32 
Max 
48hrs 
before 
event 
(per 
usual 
practice) 
0.82 70.0 75.0 72.6 72.0 
Data abstraction 
by single 
researcher. 36% of 
observation sets 
contained HR, RR, 
O2 Sats, systolic 
BP, temperature 
and assessment of 
consciousness. 
17 
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Bedside 
PEWS 
Parshura
m 2009 
(18) 
Canada 
All in-
patients 
Case-
control 
study 
(retrospe
ctive) 
1 No Int 
Urgent PICU 
transfer 
(without 
code blue 
call) 
180 (60 
cases) 
S 
8 / 
26 
Max 
24hrs 
before 
event 
(hourly) 
0.91 82.0 93.0   
Availability of 
scoring items in 
medical records 
varied from 27% 
(cap refill time) to 
93% (oxygen 
therapy). 
21 
Parshura
m 2011 
(83) 
Canada 
& UK 
All in-
patients 
Case-
control 
study 
(prospect
ive) 
4 No Ext 
Urgent PICU 
transfer or 
immediate 
call to 
resuscitatio
n team 
2,074 
(686 
cases) 
S 
7 / 
26 
Max 
24hrs 
before 
event 
(hourly) 
0.87 64.0 91.0   
PTTT scores 
calculated 
electronically after 
abstraction by 
research nurse. 
5.1% of records 
had all 7 items 
recorded, 31% had 
at least 5 items. 
22 
Robson 
2013 (60) 
US 
All in-
patients 
Case-
control 
study 
(retrospe
ctive) 
1 No Ext 
Code blue 
call 
192 (96 
cases) 
S 
7 / 
26 
Max 
24hrs 
before 
event (6 
hourly) 
0.73 56.3 78.1   See above. 8 
Zhai 2014 
(50) 
US 
All in-
patients 
Case-
control 
study 
(retrospe
ctive) 
1 No Ext 
Urgent PCU 
transfer 
within 24 
hrs of 
admission 
6,352 (53 
cases) 
S 
7 / 
26 
Max 24 
hrs 
before 
event 
(hourly) 
0.82 73.6 71.7 2.1†  
Data extracted 
from electronic 
health records. 
Excluded two 
items of Bedside 
PEWS (oxygen 
therapy and 
respiratory effort) 
due to difficulty 
abstracting. 
17 
Gawrons
ki 2016 
(78) 
Italy 
Stem Cell 
Transplant 
Unit 
Case-
control 
study 
(retrospe
ctive) 
1 No Ext 
Unexpected 
death, 
urgent 
consult with 
RRT or 
urgent PICU 
transfer 
99 (19 
cases) 
S 
6 / 
26 
Score 
4hrs 
before 
event 
0.90 79.0 97.5   
Data abstracted by 
research nurses. 
No details on 
extent of missing 
data. Conflicting / 
missing 
observations 
resolved by 
interviews with 
clinical staff. 
15 
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Chapman 
2017  
(61) 
UK 
All in-
patients 
Case-
control 
study 
(retrospe
ctive) 
1 No Ext 
Death, 
arrest or 
PICU 
transfer 
608 (297 
cases) 
S 
6 / 
26 
Max 
48hrs 
before 
event 
(per 
usual 
practice) 
0.88 72.0 89.0 86.0 77.0 See above. 17 
Modified 
Bedside 
PEWS (a) 
Fuijkscho
t 2015 
(62) 
(study 1) 
Netherl
ands 
Oncology 
ward 
Case-
cohort 
study 
(retrospe
ctive) 
1 Yes Int 
Emergency 
medical 
intervention 
or reviewed 
by PICU 
staff or staff 
concern 
118 (15 
cases) 
S 
8 / 
28 
Unclear 
(minimu
m 8 
hourly) 
   73.0  
 
41% of admissions 
excluded from 
study due to 
incomplete PTTT 
scores.   
10 
Fuijkscho
t 2015 
(62) 
(study 2) 
Netherl
ands 
All in-
patients 
Case-
cohort 
study 
(retrospe
ctive) 
1 Yes Int 
PICU 
transfer 
Unclear 
(24 cases) 
S 
8 / 
28 
Score 2-
6hrs 
before 
event 
(minimu
m 8 
hourly) 
 66.6    
High rate of 
exclusions 
reported due to 
missing data. 
10 
Fuijkscho
t 2015 
(62) 
(study 3) 
Netherl
ands 
All in-
patients 
Case-
cohort 
study 
(prospect
ive) 
1 Yes Int 
Emergency 
medical 
intervention 
Unclear 
(14 cases) 
S 
8 / 
28 
Unclear 
(minimu
m 8 
hourly) 
 100    
No details on 
missing data. 
10 
Chapman 
2017 (61) 
UK 
All in-
patients 
Case-
control 
study 
(retrospe
ctive) 
1 No Ext 
Death, 
arrest or 
PICU 
transfer 
608 (297 
cases) 
S 
7 / 
28 
Max 
48hrs 
before 
event 
(per 
usual 
practice) 
0.87 69.0 91.0 87.9 79.0 See above. 17 
Modified 
Bedside 
PEWS (b) 
Ross 
2015 (80) 
US 
All in-
patients 
Case-
control 
study 
(retrospe
ctive) 
1 No Int 
Urgent PICU 
transfer 
4628 (848 
cases) 
S 
8 / 
26 
Max 
during 
admissio
n 
 70.0 84.0   
No details on data 
abstraction. 
Respiratory effort 
category excluded 
due to difficulty 
abstracting. No 
details on missing 
data. 
9 
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Modified 
Brighton 
PEWS (a) 
Tucker 
2008 (63) 
US 
General 
medical 
unit 
Cohort 
study 
(prospect
ive) 
1 Yes Int 
PICU 
transfer 
2,979 (51 
cases) 
S 
3 / 
11 
Max 
during 
admissio
n (4 
hourly) 
0.89 90.2 74.4 5.8 99.8 
Intraclass 
coefficient of 0.92 
reported for two 
bedside nurses 
scoring 55 
patients. No 
details on missing 
data. 
14 
Zhai 2014 
(50) 
US 
All in-
patients 
Case-
control 
study 
(retrospe
ctive) 
1 No Ext 
Urgent PCU 
transfer 
within 24 
hrs of 
admission 
6,352 (53 
cases) 
S 
2 / 
11 
Max 
24hrs 
before 
event 
(hourly) 
0.74 68.4 81.6 2.3  
Data extracted 
from electronic 
health records. 
Only included 
records with 
complete PEWS 
score: 64% of 
eligible cases and 
51% of eligible 
controls excluded. 
17 
Fenix 
2015 (70) 
US 
PICU 
transfers 
among all 
in-patients 
(excluding 
haematolo
gy 
oncology, 
surgical 
and cardiac 
wards) 
Case-
control 
study 
(retrospe
ctive) 
1 Yes Ext 
Non-
elective 
PICU 
transfer 
followed by 
deterioratio
n event 
97 PICU 
transfers 
(51 cases 
of PICU 
transfer 
followed 
by 
‘deteriora
tion 
event’) 
S 
3 / 
11 
Max 
during 
admissio
n 
 80.0 43.0 61.0 67.0 
No details on 
missing data. 
15 
Modified 
Brighton 
PEWS (b) 
Akre 
2010 (77) 
US 
All in-
patients 
Chart 
review 
study 
(retrospe
ctive) 
1 No Int 
Rapid 
response 
team call or 
code blue 
call 
186 cases 
(170 RRT 
calls, 16 
code 
calls) 
S 
4 / 
13 
Max 24 
hrs 
before 
event 
(minimu
m 4 
hourly) 
 85.5    
Scores abstracted 
from charts by 
single nurse, 
having calibrated 
with advanced 
nurse practitioner. 
Categories scored 
missing if any 
items missing. 
25% of charts 
missing 
behavioural state, 
26% 
cardiovascular 
colour. 
14 
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Chapman 
2017 (61) 
UK 
All in-
patients 
Case-
control 
study 
(retrospe
ctive) 
1 No Ext 
Death, 
arrest or 
PICU 
transfer 
608 (297 
cases) 
S 
4 / 
13 
Max 
48hrs 
before 
event 
(per 
usual 
practice) 
0.79 61.0 84.0 78.4 69.0 See above. 17 
Modified 
Brighton 
PEWS (d) 
Skaletzky 
2019 (79) 
US 
Medical 
surgical 
wards 
Case-
control 
study 
(retrospe
ctive) 
1 No Int 
PICU 
transfer 
350 (100 
cases) 
S 
2.5 / 
9 
Max 
48hrs 
before 
event (4 
hourly) 
0.81 62.0 89.0   
Data abstracted 
from medial charts 
and notes. 
Behaviour 
category 
abstracted from 
LOC. No details on 
missing data. 
15 
Chapman 
2017(61) 
UK 
All in-
patients 
Case-
control 
study 
(retrospe
ctive) 
1 No Ext 
Death, 
arrest or 
PICU 
transfer 
608 (297 
cases) 
S 4 / 9 
Max 
48hrs 
before 
event 
(per 
usual 
practice) 
0.74 46.0 90.0 81.3 63.0 See above. 17 
Children’s 
Hospital 
Early 
Warning 
Score 
(CHEWS) 
McLellan 
2014 
(676) 
US 
All in-
patients 
Case-
control 
study 
(retrospe
ctive) 
1 Yes Int 
Arrest or 
unplanned 
PICU 
transfer 
1,136 
(360 
cases) 
S 
4 / 
12 
Max in 
admissio
n (4 
hourly) 
0.90 84.2 80.9   
No details on 
missing data. 
10 
Children’s 
Hospital 
Cardiac 
Early 
Warning 
Score (C-
CHEWS) 
McLellan 
2013 (54) 
US 
Cardiovasc
ular unit 
Case-
control 
study 
(retrospe
ctive) 
1 Yes Int 
Arrest or 
unplanned 
PICU 
transfer 
312 (64 
cases) 
S 
3 / 
12 
Max 
18hrs 
before 
event (4 
hourly) 
0.86 95.3 76.2 50.8 98.4 
Study nurse and 
bedside nurses 
assessed scores 
for 37 patients, 
67% agreement. 
No details on 
missing data. 
9 
Agulnik 
2016 (73) 
US 
Oncology 
unit 
Case-
control 
study 
(retrospe
ctive) 
1 Yes Ext 
Unplanned 
PICU 
transfer 
330 (110 
cases) 
S 
4 / 
12 
Max 24 
hours 
before 
event (4 
hourly) 
0.96 86.0 95.0   
PTTT scores 
abstracted by 
researcher. Did 
not abstract if vital 
signs were present 
but no PTTT score 
calculated by 
nurse. No details 
on missing data. 
14 
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Agulnik 
2017 (72) 
Guatem
ala 
Oncology 
unit 
Case-
control 
study 
(retrospe
ctive) 
1 Yes Ext 
Unplanned 
PICU 
transfer 
258 (129 
cases) 
S 
4 / 
12 
Max 
24hrs 
before 
event (3 
hourly) 
 91.0 88.0   
Researcher 
evaluated charts 
and calculated 
scores, reporting 
14% error rate 
(PTTT score 
calculated 
incorrectly) and 
3% omission rate 
(vital signs 
recorded but no 
PTTT score 
calculated). 1 out 
of 130 cases 
excluded due to 
missing PTTT 
documentation. 
16 
Children’s 
Hospital 
Los 
Angeles 
(CHLA) 
PEWS 
Mandell 
2015 (71) 
US 
In-patients 
discharged 
from PICU 
to ward 
Case-
control 
study 
(retrospe
ctive) 
1 Yes Int 
Early 
unplanned 
re-
admission 
to PICU 
(within 48 
hours of 
discharge 
from PICU 
to ward) 
189 (38 
cases) 
S 
2 / 
10 
First 
score 
assigned 
on ward, 
post 
PICU 
discharg
e 
0.71 76.0 56.0   
No details on 
missing data. 
12 
Melbourne 
Activation 
Criteria 
(MAC) 
Tume 
2007 (59) 
UK 
In-patients 
with an 
unplanned 
PICU 
transfer 
Chart 
review 
study 
(retrospe
ctive) 
1 No Ext 
Unplanned 
PICU  
transfer 
33 cases  T N/A Unclear  87.8    
Data abstracted by 
two reviewers. 
Reference to 
“large number of 
missing records 
and observation 
charts”. 
11 
Tume 
2007 (59) 
UK 
In-patients 
with an 
unplanned 
PHDU 
transfer 
Chart 
review 
study 
(retrospe
ctive) 
1 No Ext 
Unplanned 
PHDU 
transfer 
32 cases  T N/A Unclear  87.5    See above. 11 
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Edwards 
2011 (64) 
UK 
All in-
patients 
Cohort 
study 
(retrospe
ctive) 
1 No Ext 
Death or 
unplanned 
PICU or 
HDU 
transfer 
1,000 (16 
cases) 
T N/A 
Any 
trigger 
over 
admissio
n (per 
usual 
practice) 
0.79 68.3 83.2 3.6 99.7 
Observation charts 
altered to include 
all PTTT 
parameters. 56% 
of records missing 
at least one 
component. 
Missing data 
assumed to be 
normal. 
17 
Chapman 
2017 (61) 
UK 
All in-
patients 
Case-
control 
study 
(retrospe
ctive) 
1 No Ext 
Death, 
arrest or 
PICU 
transfer 
608 (297 
cases) 
T N/A 
Max 
48hrs 
before 
event 
(per 
usual 
practice) 
0.71 93.0 49.0 64.0 88.0 See above. 17 
Cardiff & 
Vale 
Paediatric 
Early 
Warning 
Score 
(C&VPEWS
) 
Edwards 
2009 (16) 
UK 
All in-
patients 
Cohort 
study 
(prospect
ive) 
1 No Int 
Death or 
unplanned 
PICU or 
HDU 
transfer 
1,000 (16 
cases) 
S 2 / 8 
Max 
score 
during 
admissio
n (per 
usual 
practice) 
0.86 69.5 89.9 5.9 99.7 
Observation charts 
altered to include 
all PTTT 
parameters. 56% 
of records missing 
at least one 
component. 
Missing data 
assumed to be 
normal. 
18 
Chapman 
2017 (61) 
UK 
All in-
patients 
Case-
control 
study 
(retrospe
ctive) 
1 No Ext 
Death, 
arrest or 
PICU 
transfer 
608 (297 
cases) 
S 3 / 8 
Max 
48hrs 
before 
event 
(per 
usual 
practice) 
0.89 80.0 86.0 84.0 82.0 See above. 17 
Bristol 
Paediatric 
Early 
Warning 
Tool 
(PEWT) 
Tume 
2007 (59) 
UK 
In-patients 
with an 
unplanned 
PICU 
transfer 
Chart 
review 
(retrospe
ctive) 
1 No Ext 
Unplanned 
PICU  
transfer 
33 cases  T N/A Unclear  87.8    See above. 11 
Tume 
2007 (59) 
UK 
In-patients 
with an 
unplanned 
PHDU 
transfer 
Chart 
review 
(retrospe
ctive) 
1 No Ext 
Unplanned 
PHDU 
transfer 
32 cases  T N/A Unclear  84.4    See above. 11 
  357 
Wright 
2011 (66) 
UK 
All in-
patients 
Chart 
review 
(retrospe
ctive) 
1 Yes Ext 
Cardiac 
arrest 
55 cases T N/A 
If 
triggered 
24hrs 
before 
event 
 49.1    
One case excluded 
due to missing 
notes. No details 
on missing data. 
11 
O’Loughli
n 2012 
(65) 
UK 
All in-
patients 
Cohort 
study 
(prospect
ive) 
1 Yes Ext 
PICU 
transfer 
331 (7 
cases) 
T N/A 
Triggere
d during 
admissio
n 
(12hrly) 
0.91 100 81.0 11.0  
No details on 
missing data. 
6 
Robson 
2013 (60) 
US 
All in-
patients 
Case-
control 
study 
(retrospe
ctive) 
1 No Ext 
Code blue 
call 
192 (96 
cases) 
T N/A 
Triggere
d 24hrs 
before 
event 
(6hrly) 
0.75 76.3 61.5   See above. 8 
Chapman 
2017 (61) 
UK 
All in-
patients 
Case-
control 
study 
(retrospe
ctive) 
1 No Ext 
Death, 
arrest or 
PICU 
transfer 
608 (297 
cases) 
T N/A 
If 
triggered 
48hrs 
before 
event 
(per 
usual 
practice) 
0.62 96.0 28.0 56.0 88.0 See above. 17 
Modified 
Bristol 
Paediatric 
Early 
Warning 
Tool 
(PEWT) (b) 
Clayson 
2014 (69) 
UK 
Cardiac 
ward 
Cohort 
study 
(prospect
ive) 
1 Yes Int 
 ‘A 
deterioratin
g patient’ 
126 
(unclear 
number 
of cases)  
T N/A Unclear    12.5 97.0 
No details on 
missing data. 
5 
NHS 
Institute 
for 
Innovation 
and 
Improvem
ent (NHS 
III) PEWS  
Mason 
2016 (45) 
UK 
All in-
patients 
Cohort 
study 
(retrospe
ctive) 
1 No Ext 
Death or 
unplanned 
PICU or 
HDU 
transfer 
1,000 (16 
cases) 
S 2 / 7 
Max 
score 
over 
admissio
n (per 
usual 
practice) 
0.88 80.0 81.0 4.3 99.7 
Observation charts 
altered to include 
all PTTT 
parameters. 56% 
of records missing 
at least one 
component. 
Missing data 
assumed to be 
normal. 
15 
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Chapman 
2017 (61) 
UK 
All in-
patients 
Case-
control 
study 
(retrospe
ctive) 
1 No Ext 
Death, 
arrest or 
PICU 
transfer 
608 (297 
cases) 
S 2 / 7  
Max 
48hrs 
before 
event 
(per 
usual 
practice) 
0.82 83.0 65.0 69.6 80.0 See above. 17 
Logistic 
regression 
algorithm 
Zhai 2014 
(50) 
US 
All in-
patients 
Case-
control 
study 
(retrospe
ctive) 
1 No Ext 
Urgent PICU 
transfer 
within 24 
hrs of 
admission 
6,352 (53 
cases) 
S > 0.5 
Max 
24hrs 
before 
event 
(hourly) 
0.91 84.9 85.9 4.8  
Data extracted 
from electronic 
health records. No 
details on extent 
of missing data 
but authors report 
that “missing data 
was a major cause 
of incorrect 
prediction”. 
17 
Burton 
Paediatric 
Early 
Warning 
Score 
(BPEWS) 
Ahmed 
2012 (67) 
UK 
PICU 
admissions 
only 
Chart 
review 
(retrospe
ctive) 
1 Yes Int 
PICU 
admission 
23 S 
4  / 
19 
Max 
24hrs 
before 
event 
(unclear) 
 93.0    
Data extracted 
from case notes by 
two reviewers. No 
details on missing 
data. 
4 
‘Between 
the Flags’ 
Paediatric 
Early 
Warning 
System 
(PEWS) 
Blackston
e 2017 
(74) 
UK 
Urgent 
PICU 
admissions 
only 
Chart 
review 
(retrospe
ctive) 
1 Yes Ext 
Urgent PICU 
admission 
100 T N/A Unclear  91.0    
Data extracted 
from health 
records. No details 
on missing data. 
8 
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All studies conducted in a specialist / tertiary centre. 
 
PPV and NPV values in italics represent results from case-control studies – these values are misleading in isolation because they assume that the wider prevalence rate of the adverse event is equal to the case to 
control ratio used in the research study (e.g., if the researchers studied 300 cases and 300 controls, the prevalence rate of adverse events for the calculation of PPV is 50%). As per the cohort studies, prevalence 
rates of critical events are typically far lower among hospitalised paediatric populations than the case/control ratios used in studies, and so PPV values would be considerably lower in clinical practice. 
 
Studies classified as internal validation if the setting for the study was the same hospital and same research team as those who developed the score. Studies classified as external validation if the score was tested in 
a different centre and by a different research team to those who developed it. 
 
* Typically, study researchers collected or abstracted multiple PTTT scores for each patient at different time points but can only use one score per patient for the analysis of the tool’s predictive ability. This column 
specifies which score the researchers used. In most cases, the study team used the maximum PTTT score recorded for each patient in a given study window – e.g., 24 hours prior to a critical event for case patients. 
The text in parentheses describes the frequency with which scores were assessed or abstracted for each patient, if this information was described in the paper. 
 
† Case-control study, but PPV value calculated based on clinical prevalence of event as measured at local centre during the study. 
 
AUROC, area under the receiver operating characteristic curve; Ext, external validation; HFNC, high flow nasal cannula; Int, Internal validation; Max, maximum; N/A, not applicable; NPV, negative predictive value; 
PHDU, paediatric high-dependency unit; PICU, paediatric intensive care unit; PPV, positive predictive value; PTTT, paediatric track and trigger tool; RRT, rapid response team; S, score; T, trigger; UK, United Kingdom; 
US, United States. 
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APPENDIX 15: EFFECTIVENESS PAPERS EXCLUDED FROM ANALYSIS 
Table 39: Effectiveness papers excluded from analysis 
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Mistry 
200685 
✓ ✓  ✓ 
Paediatric 
Rapid 
Response 
Team 
activation 
criteria* 
US 1 Y N All in-patients 
Uncontrolled 
before-after 
study 
(prospective) 
11 
(6 before, 5 
after) 
Describes implementation of a PRRT with calling criteria (not defined). 
Looked at impact on mortality, cardiac arrests and PICU outcomes 
among PICU transfers. Reports absolute decreases in numbers of 
deaths and arrests post-intervention, but no denominator data 
provided or further statistical details given.  
3 
Demmel 
201086 
✓    
Modified 
Brighton 
PEWS (e) 
US 1 Y Y 
Haematology / 
oncology 
patients 
Uncontrolled 
before-after 
study 
(prospective) 
Unclear 
(unclear, 8 
after) 
Implemented a locally modified version of the Brighton PEWS in a 
specialist haematology / oncology unit. Discusses challenges in the 
development and implementation of the tool. Refers to number of 
days between cardiopulmonary arrests being 299 immediately before 
implementation, and 1,053 days eight months after implementation – 
however, no denominator data or further statistical details given. 
8 
Sandhu 
201087 
 ✓   Unclear UK 1 Y N Unclear 
Uncontrolled 
before-after 
study 
(retrospective) 
Unclear 
(unclear, 3 
months) 
Conference abstract only. Reported implementing an ‘outreach 
response team’ alongside an existing ‘paediatric early warning tool’ 
(unclear which tool) in a UK tertiary centre. Reference to comparable 
triggering rate of PTTT before (28% of patients) and after (28% of 
patients) piloting the outreach team, and 2 arrests before piloting, 
and 0 after – but no denominator data or further statistical details 
given.  
8 
  361 
Randhawa 
201188 
✓  ✓ ✓ 
Brighton 
PEWS 
US 1 Y Y All in-patients 
Uncontrolled 
before-after 
study 
(prospective) 
Unclear 
Describes implementation of the Brighton PEWS in a specialist 
paediatric centre. Details various cycles of change during 
implementation of the tool across different wards, and efforts at staff 
education. Reports reduction in rate of cardiopulmonary arrests post-
intervention, but no absolute numbers, denominator data or further 
statistical details given. 
12 
Camacho 
201189 
✓    
Modified 
Brighton 
PEWS (a) 
† 
US 1 Y 
N
R 
Cardiac and 
renal patients 
Uncontrolled 
before-after 
study 
(prospective) 
8 
(3 before, 5 
after) 
Conference abstract only. Reported piloting and modifying Tucker’s 
modified Brighton PEWS for specialist cardiac and renal population. 
Unclear if RRT/MET in place. Referred to there being 5 code calls in 
the quarter (3 months) before implementation, and 0 in the following 
5 months. However, no denominator data or further statistical details 
given. 
8 
Heyden 
201290 
✓ ✓   
Paediatric 
Rapid 
Response 
Team 
activation 
criteria* 
US 1 Y N All in-patients 
Uncontrolled 
before-after 
study 
(retrospective) 
72 
(24 before, 48 
after) 
Conference abstract only. Describes implementation of an RRT in a US 
tertiary centre, with an associated ‘broad calling criteria’ (limited 
details given). Reports number of cardiac arrests on ward and PICU 
before and after intervention, and refers to increase in RRT calls over 
time. No denominator data or further statistical details given. 
7 
Somberg 
2013225 
✓ ✓   Unclear US 1 N N All in-patients 
Uncontrolled 
before-after 
study (unclear) 
Unclear 
Conference abstract only. Reported developing and implementing a 
PTTT (tool not named) and RRT for a paediatric unit in a community 
hospital. Reference to no intubation or code calls since intervention, 
but no pre-intervention comparison, time frames, denominator data 
or further statistical details given. 
2 
Norville 
201391 
✓    
Texas 
Children’s 
Hospital 
(TCH) 
Paediatric 
Advanced 
Warning 
Score 
(PAWS)† 
US 1 Y Y 
Bone marrow 
transplant 
patients 
Uncontrolled 
before-after 
study (unclear) 
23 
(12 before, 11 
after) 
Conference abstract only. Describes implementation of TCH PAWS, 
with amended algorithm for specialist bone marrow transplant unit. 
Looked at impact on code calls and RRT calls – refers to 3 code calls 
and 18 RRT calls pre-intervention, compared to 0 codes and 25 RRT 
calls post-intervention. No denominator data or further statistical 
details given. 
5 
Ambati 
201492 
   ✓ 
Not 
applicable 
US 1 Y Y Unclear 
Uncontrolled 
before-after 
study (unclear) 
48 
(12 before, 36 
after) 
Conference abstract only. Reported effect of implementing a 
“simulation based curriculum” for clinical staff on subsequent RRT 
utilisation. Reference to increase in RRT calls year on year post 
implementation, but no denominator data or further statistical details 
given. 
3 
Ocholi 
201493 
✓    
Bedside 
Paediatric 
Early 
Warning 
Score 
(PEWS) 
UK 1 Y N Unclear 
Uncontrolled 
before-after 
study (unclear) 
12 months 
(6 before, 6 
after) 
Conference abstract only. Describes implementation of Bedside PEWS 
in a UK tertiary centre. Looked at impact of intervention on ward 
outcomes and outcomes of children transferred to PICU. Reference to 
impact of tool on number of ‘adverse incidents’ (not defined) on the 
ward and median length of stay in PICU among PICU transfers, but no 
denominator data or further statistical details given. 
6 
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Fenix 201670 ✓   ✓ Unclear US 1 Y 
N
R 
Two general 
paediatric 
wards 
Uncontrolled 
before-after 
study 
(retrospective) 
46 months 
(16 before, 30 
after) 
Conference abstract only. Describes implementation of a ‘Situational 
Awareness’ tool, with integrated PTTT (unclear which tool) in a 
tertiary centre. Retrospective review of rates of Critical Deterioration 
(CD) events on two of seven general paediatric wards. Reports a 
significant decrease in trend and trajectory of CD events post-
implementation, but no event numbers, denominator data or further 
statistical details given.  
6 
* Indicates PTTT not fully described or validated in the published literature 
 
† PTTT modified by local team, but exact modifications not described 
 
MET, medical emergency team; PICU, paediatric intensive care unit; PTTT, paediatric track and trigger tool; RRT, rapid response team; UK, United Kingdom; US, United States. 
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APPENDIX 16: SUMMARY OF EARLY WARNING SYSTEM EFFECTIVENESS STUDY OUTCOMES 
Table 40: Summary of early warning system effectiveness study outcomes 
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MORTALITY 
Deaths on ward 
(per 1,000 
admissions) 
Tibballs 
2005 (36) 
✓ ✓  ✓ 
Melbourne 
Activation 
Criteria 
Australia 1 Y N 
All in-
patients 
Uncontrolled 
before-after 
study 
(prospective) 
53 
(41 before, 
12 after) 
13 
(0.12) 
2 
(0.06) 
RR = 0.45  
(0.10-1.99) 
† 
0.29 10 
Hospital-wide 
deaths (per 100 
discharges) 
Sharek 2007 
(48) 
✓ ✓  ✓ 
Paediatric 
Rapid 
Response 
Team 
triggering 
criteria 
US 1 Y N 
All in-
patients 
Uncontrolled 
before-after 
study 
(prospective) 
84 
(67 before, 
17 after) 
547 
(1.01) 
158 
(0.83) 
RR = 0.82 
(0.70-0.95) 
.007 15 
Hospital wide 
deaths, 
excluding 
neonate ICU and 
ED (per 1,000 
discharges) 
Zenker 
2007 (94) 
✓ ✓   
RRT 
activation 
criteria* 
US 1 Y N 
All in-
patients 
Uncontrolled 
before-after 
study 
(prospective) 
34 
(23 before, 
11 after) 
97 
(4.30) 
52 
(4.45) 
RR=1.04 
(0.74-1.45) 
† 
.57 12 
  364 
Deaths outside 
ICU (per 1,000 
non-ICU patient-
days) 
Brilli 2007 
(46) 
✓ ✓  ✓ 
Paediatric 
Medical 
Emergency 
Team 
triggering 
criteria (a) 
US 1 Y N 
All in-
patients 
Uncontrolled 
before-after 
study 
(prospective) 
27 
(15 before, 
12 after) 
9 
(0.10) 
2 
(0.04) 
RR=0.39 
(0.08-1.80) 
† 
.13 14 
Ward death rate 
(per 1,000 ward 
admissions) 
Hanson 
2010 (89) 
✓ ✓  ✓ 
Not 
described 
US 1 Y N 
All in-
patients 
Uncontrolled 
before-after 
study 
(retrospective) 
36  
(24 before, 
12 after) 
13 
(1.50) 
2 
(0.45) 
RR = 0.30 
(0.07–1.31) 
† 
.07 18 
Total hospital 
deaths (per 
1,000 
admissions) 
Tibballs 
2009 (96) 
✓ ✓  ✓ 
Melbourne 
Activation 
Criteria 
Australia 1 Y N 
All in-
patients 
Uncontrolled 
before-after 
study 
(prospective) 
89 
(41 before, 
48 after) 
459 
(4.38) 
398 
(2.87) 
RR = 0.65 
(0.57-0.75) 
< .0001 15 
Deaths on ward 
(per 1,000 
admissions) 
Tibballs 
2009 (96) 
✓ ✓  ✓ 
Melbourne 
Activation 
Criteria 
Australia 1 Y N 
All in-
patients 
Uncontrolled 
before-after 
study 
(prospective) 
89 
(41 before, 
48 after) 
13 
(0.12) 
6 
(0.04) 
RR = 0.35 
(0.13-0.92) 
.03 15 
All-cause 
hospital 
mortality (per 
1,000 
admissions) 
Kotsakis 
2011 (97) 
✓ ✓   
Modified 
Melbourne 
Activation 
Criteria 
Canada 4 Y N 
All in-
patients 
Uncontrolled 
before-after 
study 
(prospective) 
48 
(24 before, 
24 after) 
553 
(9.97) 
540 
(9.65) 
RR = 0.97 
(0.83-1.12) 
.65 18 
All cause hospital 
mortality (per 
1,000 
discharges) 
Parshuram 
2018 (83) 
✓ ✓  ✓ 
Bedside 
PEWS 
Belgium, 
Ireland, 
Netherlands, 
England, 
Italy, 
Canada, 
New 
Zealand 
21 Y N 
All in-
patients 
Cluster 
randomised 
trial 
(prospective) 
18 
(6 pre, 
12 post) 
Con: 
61 
(1.31) 
Con: 
147 
(1.56) 
OR=1.01 
(0.61-1.69) 
.96 23 
Int: 
52 
(1.95) 
Int: 
97 
(1.93) 
Hospital 
mortality (per 
1,000 
admissions) 
Kutty 2018 
(106) 
 ✓   NR US 38 Y N 
All in-
patients 
Interrupted 
Time Series 
(retrospective) 
180 
(60 before, 
120 after) 
NA NA 
OR=0.94 
(0.93-0.95) 
.98 20 
PICU MORTALITY 
  365 
PICU mortality 
after PICU 
admission from 
ward (per PICU 
admission) 
Anwar-al-
Haque, 
2010 (49) 
✓ ✓   
Paediatric 
Rapid 
Response 
Team 
triggering 
criteria (b) 
Pakistan 1 Y N 
All in-
patients 
Uncontrolled 
before-after 
study 
(retrospective) 
18 
(9 before, 9 
after) 
23 
(51.11) 
5 
(15.63) 
RR = 0.31 
(0.13-0.72) 
† 
.007† 6 
PICU mortality 
after PICU 
readmission 
within 48 hrs of 
discharge (per 
1,000 
admissions) 
Kotsakis 
2011 (97) 
✓ ✓   
Modified 
Melbourne 
Activation 
Criteria 
Canada 4 Y N 
All in-
patients 
Uncontrolled 
before-after 
study 
(prospective) 
48 
(24 before, 
24 after) 
16 
(0.29) 
7 
(0.13) 
RR = 0.43 
(0.17-0.99) 
<.05 18 
PICU mortality 
after urgent 
PICU admission 
from ward (per 
1,000 
admissions) 
Kotsakis 
2011 (97) 
✓ ✓   
Modified 
Melbourne 
Activation 
Criteria 
Canada 4 Y N 
All in-
patients 
Uncontrolled 
before-after 
study 
(prospective) 
48 
(24 before, 
24 after) 
70 
(1.3) 
61 
(1.1) 
RR = 0.90 
(0.70-1.00) 
.25 18 
Death prior to 
discharge (per 
unplanned PICU 
transfer) 
Bonafide 
2014 (98) 
✓ ✓   
Bedside 
PEWS 
US 1 Y N 
All in-
patients 
Interrupted 
Time Series 
study 
(prospective) 
59 
(32 before, 
27 after) 
51 
(6.3) 
56 
(6.5) 
RR = 1.03 
(0.72-1.49) 
† 
.99 23 
PICU mortality 
(per PICU 
admission) 
Duns 2014 
(99) 
✓    
Between 
the Flags 
(BTS) tool* 
Australia 1 Y Y 
All in-
patients 
Uncontrolled 
before-after 
study 
(prospective) 
48 
(24 before, 
24 after) 
30 
(8.57) 
20 
(5.49) 
RR=0.64 
(0.37-1.11) 
† 
.14 7 
Death in PICU 
(per 1,000 
patient-days) 
Agulnik 
2017 (100) 
✓   ✓ 
Children’s 
Hospital 
Cardiac 
Early 
Warning 
Score (C-
CHEWS) 
Guatemala 1 Y N 
Oncology 
unit 
Uncontrolled 
before-after 
study 
(retrospective) 
24 
(12 before, 
12 after) 
21 
(1.25) 
22 
(1.10) 
RR=0.89 
(0.49-1.61) 
† 
.76 19 
Death in PICU 
(per emergency 
PICU admission) 
Sefton 2015 
(205) 
✓  ✓ ✓ 
Modified 
Bristol 
PEWT (a) 
UK 1 Y N 
All PICU 
admissions 
Controlled 
before-after 
study 
(retrospective) 
24 
(12 before, 
12 after) 
17 
(10.8) 
14 
(8.4) 
RR = 0.78 
(0.40-1.53) 
† 
.47 16 
  366 
Deaths in PICU 
(per unplanned 
PICU admission) 
Kolovos, 
2018 (102) 
✓ ✓   
RRT 
activation 
criteria* 
US 1 Y N 
All 
unplanned 
PICU 
admissions 
Uncontrolled 
before-after 
study 
(retrospective) 
78 
(42 before, 
36 after) 
54† 
(4.9) 
40† 
(3.8) 
RR = 0.77  
(0.52–1.15) 
† 
.20† 12 
PICU mortality 
(per 1,000 
discharges) 
Parshuram 
2018 (783 
✓ ✓  ✓ 
Bedside 
PEWS 
Belgium, 
Ireland, 
Netherlands, 
England, 
Italy, 
Canada, 
New 
Zealand 
21 Y N 
All in-
patients 
Cluster 
randomised 
trial 
(prospective) 
18 
(6 pre, 
12 post) 
Con: 
34 
(0.73) 
Con: 
91 
(0.96) 
OR=0.95 
(0.48-1.86) 
.88 23 
Int: 
33 
(1.24) 
Int: 
56 
(1.12) 
CARDIAC ARREST 
Cardiac arrests 
on ward (per 
1,000 
admissions) 
Tibballs 
2005 (36) 
✓ ✓  ✓ 
Melbourne 
Activation 
Criteria 
Australia 1 Y N 
All in-
patients 
Uncontrolled 
before-after 
study 
(prospective) 
53 
(41 before, 
12 after) 
20 
(0.19) 
4 
(0.11) 
RR = 0.58 
(0.20-1.70)  
.33 10 
Cardiopulmonary 
arrests (per 
1,000 non-ICU 
patient-days) 
Brilli 2007 
(46) 
✓ ✓  ✓ 
Paediatric 
Medical 
Emergency 
Team 
triggering 
criteria (a) 
US 1 Y N 
All in-
patients 
Uncontrolled 
before-after 
study 
(prospective) 
27 
(15 before, 
12 after) 
7 
(0.08) 
2 
(0.04) 
RR=0.50 
(0.10-2.42) 
† 
.11 14 
Ward cardiac 
arrest rate (per 
1,000 ward 
admissions) 
Hanson 
2010 (95) 
✓ ✓  ✓ 
Not 
described 
US 1 Y N 
All in-
patients 
Uncontrolled 
before-after 
study 
(retrospective) 
36 
(24 before, 
12 after) 
11 
(1.27) 
2 
(0.45) 
RR = 0.35 
(0.08–1.58) 
† 
.13 18 
Ward 
cardiopulmonary 
arrests (per 
1,000 patient-
days) 
Hunt 2008 
(47) 
✓ ✓   
Paediatric 
Medical 
Emergency 
Team 
triggering 
criteria 
US 1 Y N 
All in-
patients 
Uncontrolled 
before-after 
study 
(prospective) 
24 
(12 before, 
12 after) 
5 
(0.10) 
5 
(0.10) 
RR = 0.98 
(0.22–4.24) 
.97 17 
Preventable 
cardiac arrests 
(per 1,000 
admissions) 
Tibballs 
2009 (96) 
✓ ✓  ✓ 
Melbourne 
Activation 
Criteria 
Australia 1 Y N 
All in-
patients 
Uncontrolled 
before-after 
study 
(prospective) 
89 
(41 before, 
48 after) 
17 
(0.16) 
10 
(0.07) 
RR = 0.45 
(0.20-0.97) 
.04 15 
  367 
Unexpected 
cardiac arrests 
(per 1,000 
admissions) 
Tibballs 
2009 (96) 
✓ ✓  ✓ 
Melbourne 
Activation 
Criteria 
Australia 1 Y N 
All in-
patients 
Uncontrolled 
before-after 
study 
(prospective) 
89 
(41 before, 
48 after) 
20 
(0.19) 
24 
(0.17) 
RR = 0.91 
(0.50-1.64) 
.75 15 
Actual 
cardiopulmonary 
arrests (per 
1,000 ward 
admissions) 
Kotsakis 
2011 (97) 
✓ ✓   
Modified 
Melbourne 
Activation 
Criteria 
Canada 4 Y N 
All in-
patients 
Uncontrolled 
before-after 
study 
(prospective) 
48 
(24 before, 
24 after) 
69 
(1.9) 
66 
(1.8) 
RR = 0.95 
(0.76-1.96) 
.68 18 
Near 
cardiopulmonary 
arrests (per 
1,000 
admissions) 
Kotsakis 
2011 (97) 
✓ ✓   
Modified 
Melbourne 
Activation 
Criteria 
Canada 4 Y N 
All in-
patients 
Uncontrolled 
before-after 
study 
(prospective) 
48 
(24 before, 
24 after) 
123 
(3.4) 
67 
(1.9) 
RR = 0.54 
(0.52-0.57) 
<.001 18 
Cardiac arrests 
on ward (per 
1,000 non-ICU 
patient-days) 
Bonafide 
2014 (98) 
✓ ✓   
Bedside 
PEWS 
US 1 Y N 
All in-
patients 
Interrupted 
Time Series 
study 
(prospective) 
59 
(32 before, 
27 after) 
6† 
(0.03) 
2† 
(0.01) 
RR = 0.36 
(0.07-1.78) 
† 
.21 23 
Cardiac arrests 
(per 1,000 
patient-days) 
Parshuram 
2018 (83) 
✓ ✓  ✓ 
Bedside 
PEWS 
Belgium, 
Ireland, 
Netherlands, 
England, 
Italy, 
Canada, 
New 
Zealand 
21 Y N 
All in-
patients 
Cluster 
randomised 
trial 
(prospective) 
18 
(6 pre, 
12 post) 
Con: 
18 
(0.11) 
Con: 
32 
(0.10) 
RR=1.02 
(0.65-1.62) 
.92 23 
Int: 
15 
(0.12) 
Int: 
27 
(0.11) 
RESPIRATORY ARREST 
Ward respiratory 
arrests (per 
1,000 patient-
days) 
Hunt 2008 
(47) 
✓ ✓   
Paediatric 
Medical 
Emergency 
Team 
triggering 
criteria 
US 1 Y N 
All in-
patients 
Uncontrolled 
before-after 
study 
(prospective) 
24 
(12 before, 
12 after) 
11 
(0.23) 
3 
(0.06) 
RR = 0.27 
(0.07-0.95) 
.04 17 
CARDIAC OR RESPIRATORY ARREST 
Cardiac or 
respiratory 
arrest (per 1,000 
discharges) 
Zenker 
2007 (94) 
✓ ✓   
RRT 
activation 
criteria* 
US 1 Y N 
All in-
patients 
Uncontrolled 
before-after 
study 
(prospective) 
34 
(23 before, 
11 after) 
180 
(7.98) 
60 
(5.13) 
RR=0.64 
(0.48-0.86) 
† 
.19 12 
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Code calls (per 
1,000 non-ICU 
patient-days) 
Brilli 2007 
(46) 
✓ ✓  ✓ 
Paediatric 
Medical 
Emergency 
Team 
triggering 
criteria (a) 
US 1 Y N 
All in-
patients 
Uncontrolled 
before-after 
study 
(prospective) 
27 
(15 before, 
12 after) 
25 
(0.27) 
6 
(0.11) 
RR=0.42 
(0.17-1.03) 
† 
.06† 14 
Code calls (per 
1,000 non-ICU 
patient-days) 
Sharek 2007 
(48) 
✓ ✓  ✓ 
Paediatric 
Rapid 
Response 
Team 
triggering 
criteria 
US 1 Y N 
All in-
patients 
Uncontrolled 
before-after 
study 
(prospective) 
84 
(67 before, 
17 after) 
53 
(0.52) 
5 
(0.15) 
RR = 0.29 
(0.10-0.65) 
.008 15 
Code calls (per 
1,000 
admissions) 
Anwar-al-
Haque 2010 
(49) 
✓ ✓   
Paediatric 
Rapid 
Response 
Team 
triggering 
criteria (b) 
Pakistan 1 Y N 
All in-
patients 
Uncontrolled 
before-after 
study 
(retrospective) 
18 
(9 before, 9 
after) 
26 
(5.25) 
12 
(2.73) 
RR = 0.52 
(0.26-1.03) 
.06 6 
CALLS FOR URGENT REVIEW / ASSISTANCE 
Urgent calls to 
respiratory 
therapist (per 
1,000 patient-
days) 
Parshuram 
2011 (103) 
✓  ✓ ✓ 
Bedside 
PEWS 
Canada 1 N N 
All in-
patients 
Uncontrolled 
before-after 
study 
(prospective) 
8 
(3 before, 5 
after) 
8 
(9.5) 
8 
(3.4) 
RR = 0.36 
(0.13-0.95) 
† 
.04† 23 
Urgent calls to 
paediatrician 
(per 1,000 
patient-days) 
Parshuram 
2011 (103) 
✓  ✓ ✓ 
Bedside 
PEWS 
Canada 1 N N 
All in-
patients 
Uncontrolled 
before-after 
study 
(prospective) 
8 
(3 before, 5 
after) 
19 
(22.6) 
12 
(5.1) 
RR = 0.23 
(0.11-0.46) 
† 
<.0001 23 
Code blue calls 
on the ward (per 
1,000 
admissions) 
Kotsakis 
2011 (97) 
✓ ✓   
Modified 
Melbourne 
Activation 
Criteria 
Canada 4 Y N 
All in-
patients 
Uncontrolled 
before-after 
study 
(prospective) 
48 
(24 before, 
24 after) 
210 
(3.75) 
150 
(2.70) 
RR = 0.71 
(0.61-0.83) 
<.0001 18 
Urgent calls to 
outreach team 
(per 1,000 
admissions) 
Duns 2014 
(99) 
✓    
Between 
the Flags 
tool* 
Australia 1 Y Y 
All in-
patients 
Uncontrolled 
before-after 
study 
(prospective) 
48 
(24 before, 
24 after) 
1,058 
(39.5) 
2,120 
(76.0) 
RR=1.92 
(1.79-2.07) 
† 
.02 7 
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RRT calls (per 
1,000 patient-
days) 
Panesar 
2014 (104) 
  ✓  
Modified 
Brighton 
PEWS (e) 
US 1 Y Y 
All in-
patients 
Uncontrolled 
before-after 
study 
(retrospective) 
42 
(18 before, 
24 after) 
44 
(3.14) 
69 
(4.23) 
RR = 1.35 
(0.92-1.96) 
† 
.11 15 
RRT calls (per 
1,000 patient 
days) 
Douglas 
2016 (105) 
✓  ✓ ✓ 
Modified 
Brighton 
PEWS (b) 
US 1 Y Y 
All in-
patients 
Uncontrolled 
before-after 
study 
(retrospective) 
24 
(12 before, 
12 after) 
194 
(6.17) 
292 
(9.80) 
RR = 1.59 
(1.33-.1.90) 
† 
<.001 12 
Code calls (per 
1,000 patient 
days) 
Douglas 
2016 (105) 
✓  ✓ ✓ 
Modified 
Brighton 
PEWS (b) 
US 1 Y Y 
All in-
patients 
Uncontrolled 
before-after 
study 
(retrospective) 
24 
(12 before, 
12 after) 
31 
(0.98) 
20 
(0.67) 
RR = 0.68 
(0.39-1.19) 
† 
.21 12 
PICU TRANSFERS 
Transfers from 
ward to other 
specialist units 
(per 1,000 
patient-days) 
Parshuram 
2011 (103) 
✓  ✓ ✓ 
Bedside 
PEWS 
Canada 1 N N 
All in-
patients 
Uncontrolled 
before-after 
study 
(prospective) 
8 
(3 before, 5 
after) 
5 
(5.9) 
19 
(8.1) 
RR = 1.37 
(0.51-3.63) 
† 
.54† 23 
Clinical 
deterioration 
events on ward 
prior to transfer 
to specialist unit 
(per 1,000 
patient-days) 
Parshuram 
2011 (103) 
✓  ✓ ✓ 
Bedside 
PEWS 
Canada 1 N N 
All in-
patients 
Uncontrolled 
before-after 
study 
(prospective) 
8 
(3 before, 5 
after) 
2 
(2.4) 
1 
(0.43) 
RR = 0.18 
(0.02-1.97) 
† 
.16† 23 
PICU transfers 
(per 1,000 
admissions) 
Duns 2014 
(99) 
✓    
Between 
the Flags 
tool* 
Australia 1 Y Y 
All in-
patients 
Uncontrolled 
before-after 
study 
(prospective) 
48 
(24 before, 
24 after) 
350 
(13.1) 
364 
(13.1) 
RR=1.00 
(0.86-1.16) 
† 
.98 7 
Unplanned PICU 
transfers from 
ward (per 1,000 
non-ICU patient-
days) 
Bonafide 
2014 (98) 
✓ ✓   
Bedside 
PEWS 
US 1 Y N 
All in-
patients 
Interrupted 
Time Series 
study 
(prospective) 
59 
(32 before, 
27 after) 
874 
(4.54) 
936 
(5.25) 
IRR = 0.73 
(0.46–1.14)  
.16 23 
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Unplanned 
transfers to PICU 
from ward (per 
1,000 patient-
days) 
Agulnik 
2017 (100) 
✓   ✓ 
Children’s 
Hospital 
Cardiac 
Early 
Warning 
Score 
Guatemala 1 Y N 
Oncology 
unit 
Uncontrolled 
before-after 
study 
(retrospective) 
24 
(12 before, 
12 after) 
157 
(9.3) 
130 
(6.5) 
RR = 0.70 
(0.56-0.88) 
† 
.003 19 
Urgent PICU 
admissions (per 
1,000 patient-
days) 
Parshuram 
2018 (83) 
✓ ✓  ✓ 
Bedside 
PEWS 
Belgium, 
Ireland, 
Netherlands, 
England, 
Italy, 
Canada, 
New 
Zealand 
21 Y N 
All in-
patients 
Cluster 
randomised 
trial 
(prospective) 
18 
(6 pre, 
12 post) 
Con: 
652 
(4.01) 
Con: 
1178 
(3.83) 
RR=0.95 
(0.82-1.09) 
.45 23 
Int: 
469 
(3.62) 
Int: 
828 
(3.29) 
PICU OUTCOMES 
Critical 
deterioration 
events after 
PICU transfer 
(per 1,000 non-
ICU patient-days) 
Bonafide 
2014 (98) 
✓ ✓   
Bedside 
PEWS 
US 1 Y N 
All in-
patients 
Interrupted 
Time Series 
study 
(prospective) 
59 
(32 before, 
27 after) 
260† 
(1.35) 
282† 
(1.58) 
IRR = 0.38 
(0.20-0.75) 
.01 23 
Mechanical 
ventilation 
within 1hr of 
unplanned PICU 
transfer (per 
unplanned 
transfer to PICU) 
Bonafide 
2014 (98) 
✓ ✓   
Bedside 
PEWS 
US 1 Y N 
All in-
patients 
Interrupted 
Time Series 
study 
(prospective) 
59 
(32 before, 
27 after) 
45 
(5.1) 
42 
(4.5) 
RR = 0.87 
(0.58-1.31) 
† 
.51 23 
Mechanical 
ventilation 
within 12hrs of 
unplanned PICU 
transfer (per 
unplanned 
transfer to PICU) 
Bonafide 
2014 (98) 
✓ ✓   
Bedside 
PEWS 
US 1 Y N 
All in-
patients 
Interrupted 
Time Series 
study 
(prospective) 
59 
(32 before, 
27 after) 
112 
(12.8) 
103 
(11.0) 
IRR = 0.17 
(0.07-0.44) 
<0.001 23 
Vasopressor 
within 1hr of 
unplanned PICU 
transfer (per 
unplanned 
transfer to PICU) 
Bonafide 
2014 (98) 
✓ ✓   
Bedside 
PEWS 
US 1 Y N 
All in-
patients 
Interrupted 
Time Series 
study 
(prospective) 
59 
(32 before, 
27 after) 
41 
(4.7) 
16 
(1.7) 
RR = 0.36 
(0.21-0.64) 
† 
<0.001 23 
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Vasopressors 
within 12hrs of 
unplanned PICU 
transfer (per 
unplanned 
transfer to PICU) 
Bonafide 
2014 (98) 
✓ ✓   
Bedside 
PEWS 
US 1 Y N 
All in-
patients 
Interrupted 
Time Series 
study 
(prospective) 
59 
(32 before, 
27 after) 
71 
(8.1) 
57 
(6.1) 
IRR = 0.20 
(0.06-0.62) 
.006 23 
Invasive 
ventilation in 
PICU (per 
emergency PICU 
admission) 
Sefton 2015 
(101) 
✓  ✓ ✓ 
Modified 
Bristol 
PEWT (a) 
UK 1 Y N 
All PICU 
admissions 
Controlled 
before-after 
study 
(retrospective) 
24 
(12 before, 
12 after) 
118 
(75.2) 
104 
(62.7) 
RR = 0.83 
(0.72-0.97) 
† 
.002 16 
Inotropes in 
PICU (per 
emergency PICU 
admission) 
Sefton 2015 
(101) 
✓  ✓ ✓ 
Modified 
Bristol 
PEWT (a) 
UK 1 Y N 
All PICU 
admissions 
Controlled 
before-after 
study 
(retrospective) 
24 
(12 before, 
12 after) 
50 
(31.8) 
40 
(24.1) 
RR = 0.76 
(0.53-1.08) 
† 
.12 16 
Intubation within 
24hrs of PICU 
admission (per 
1,000 patient-
days) 
Agulnik 
2017 (100) 
✓   ✓ 
Children’s 
Hospital 
Cardiac 
Early 
Warning 
Score 
Guatemala 1 Y N 
Oncology 
unit 
Uncontrolled 
before-after 
study 
(retrospective) 
24 
(12 before, 
12 after) 
11 
(0.65) 
18 
(0.90) 
RR=1.38 
(0.65-2.92) 
† 
.46 19 
Vasopressors 
within 24hrs of 
PICU admission 
(per 1,000 
patient-days) 
Agulnik 
2017 (100) 
✓   ✓ 
Children’s 
Hospital 
Cardiac 
Early 
Warning 
Score 
Guatemala 1 Y N 
Oncology 
unit 
Uncontrolled 
before-after 
study 
(retrospective) 
24 
(12 before, 
12 after) 
29 
(1.72) 
37 
(1.86) 
RR=1.08 
(0.66-1.75) 
† 
.60 19 
Mechanical 
ventilation 
during PICU 
admission (per 
PICU admission) 
Kolovos 
2018 (102) 
✓ ✓   
RRT 
activation 
criteria* 
US 1 Y N 
All 
unplanned 
PICU 
admissions 
Uncontrolled 
before-after 
study 
(retrospective) 
78 
(42 before, 
36 after) 
285 
(25.98) 
233 
(22.09) 
RR = 0.85 
(0.73-0.99) 
† 
.03† 12 
Intubation within 
1hr of PICU 
admission (per 
PICU admission) 
Kolovos 
2018 (102) 
✓ ✓   
RRT 
activation 
criteria* 
US 1 Y N 
All 
unplanned 
PICU 
admissions 
Uncontrolled 
before-after 
study 
(retrospective) 
78 
(42 before, 
36 after) 
49 
(4.47) 
88 
(8.34) 
RR = 1.87 
(1.33-2.62) 
.0003 12 
Significant 
clinical 
deterioration 
events (per 
Parshuram 
2018 (83) 
✓ ✓  ✓ 
Bedside 
PEWS 
Belgium, 
Ireland, 
Netherlands, 
England, 
21 Y N 
All in-
patients 
Cluster 
randomised 
trial 
(prospective) 
18 
(6 pre, 
12 post) 
Con: 
144 
(0.89) 
Con: 
259 
(0.84) 
RR=0.77 
(0.61-0.97) 
.03 23 
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1,000 patient-
days) 
Italy, 
Canada, 
New 
Zealand 
Int: 
80 
(0.62) 
Int: 
127 
(0.50) 
P-values in bold denote statistical significance (<0.05). 
 
A critical deterioration event is defined as transfer to the intensive care unit (ICU) followed by non-invasive or invasive mechanical ventilation or vasopressor infusion within 12 hours (92). 
 
*Indicates a PTTT not described or validated in the published literature. 
 
† Data calculated by research team, based on data presented in the journal article. All data calculated via https://www.medcalc.org. 
 
Con, Control group; ED, emergency department; Int, Intervention group; IRR, incident risk ratio; MET, medical emergency team; OR, odds ratio; PICU, paediatric intensive care unit; PTTT, paediatric track and trigger 
tool; RRT, rapid response team; RR, relative risk. 
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APPENDIX 17: SCREENING BREAKDOWN OF INCLUDED PAPERS FOR REVIEW 3 
Table 41: Screening breakdown of included papers, Review 3 
 PEWS EWS Structured 
handover  
Situational 
awareness 
 Electronic 
systems 
 
Observations 
& 
monitoring 
Family 
involvement 
Snowball 
sample 
Database searching 3564 1155 3369 302  / / / / 
Additional sources 83 7 150 46  / / / / 
Records after 
duplicates removed 
2194 751 2156 199  / / / / 
Hand searches 431 / / /  26 20 15 5 
Title screening 90 751 2156 199  26 20 15 5 
Abstract screening 62 106 n/a n/a  26 20 15 5 
Full paper screening 39 65 37 26  26 20 15 5 
Included in Syntheses 24 22 4 6  10 2 9 5 
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APPENDIX 18: SUMMARY OF DETECTION EVIDENCE 
Table 42: Summary of detection evidence 
Author Country Methodology Analysis  Search 
Area 
Evidence Contribution  
Andrews, T. and Waterman, H. (2005) 
Packaging: a grounded theory of how to 
report physiological deterioration 
effectively. Journal of Advanced Nursing 
52, 5, 473–481 
U.K. Interviews and observations Grounded theory EWS Importance of ‘gut feeling’ in detecting deterioration  
 
 
Vital sign monitoring delegated to junior staff 
 
Astroth, K., Woith, W. M., Stapleton, S. J., 
Degitz, R. J., & Jenkins, S. H. (2013). 
Qualitative exploration of nurses' 
decisions to activate rapid response 
teams. Journal of Clinical Nursing, 22(19-
20), 2876-2882 
U.S.A. Semi-structured interviews 
with nurses 
Coding categories were 
generated from the data, and 
consensus on final themes was 
achieved 
through an iterative process  
EWS Staff encouraged to use their intuition when activating the RRT 
 
 
Azzopardi, P.; Kinney, S.; Moulden, A. & 
Tibbals, J. Attitudes and barriers to a 
Medical Emergency Team system at a 
tertiary paediatric hospital. 
Resuscitation, 82, 167-174 
Australia  Survey  Statistical analysis  PEWS Track & Trigger Tools used to confirm or identify deterioration 
depending on experience. Useful for junior staff 
 
Vital sign monitoring delegated to junior staff 
Bellomo, R., Ackerman, M., Bailey, M., 
Beale, R.  Clancy, G., Danesh, V. et al. 
(2012) The Vital Signs to Identify, Target, 
and Assess Level of Care Study (VITAL 
Care Study) Investigators.. Crit Care Med  
Vol. 40, No. 8; 2349–2361 
International: 
U.S.A; 
Sweden;U.K; 
Netherlands; 
Australia 
Before-and-after multi-
centred international 
controlled trial.  
 
Automated vital signs 
monitoring and early warning 
score calculated, international 
study, blinded trial, hospitals 
retained own score and 
escalation policy 
Electronic 
systems   
The electronic health record (HER) provides a prompt to action   
Bonafide C., Roberts K., Weirich C., 
Paciotti B., Tibbetts K., Keren R., Barg F. 
and Holmes J. (2013) Beyond Statistical 
Prediction: Qualitative Evaluation of the 
Mechanisms by which Pediatric Early 
Warning Scores Impact Patient safety. J 
Hospital Medicine, 8, 5, 248-253 
U.S.A. Semi-structured interviews Grounded theory PEWS Vital sign monitoring delegated to junior workers who may not 
have the knowledge to interpret results. Track & Trigger Tools 
used to confirm or identify deterioration depending on 
experience & particularly useful for junior staff 
 
Professional intuition important for senior staff to detect 
deterioration   
Bonafide, C. P., et al.  (2014). Video 
Methods for Evaluating Physiologic 
Monitor Alarms and Alarm Responses. 
Biomédical Instrumentation & 
Technology May/June 2014, p220-230 
U.S.A. Prospective Feasibility study  Video recording and electronic 
patient data collected 
prospectively. Pragmatic 
observational study of 
VitalPAC deployment in 2 large 
hospitals 
Electronic 
systems  
Alarm fatigue a barrier to escalation  
Bonafide, C.P. et al. (2017) Video Analysis U.S.A. Video review and response Statistical analysis  PEWS Alarm fatigue a barrier to escalation 
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Author Country Methodology Analysis  Search 
Area 
Evidence Contribution  
of Factors Associated With Response 
Time to Physiologic Monitor Alarms in a 
Children’s Hospital. JAMA Pediatrics, 171, 
6, 524-531 
time outcome  
Braaten, J.S. (2015). Hospital System 
Barriers to Rapid Response Team 
Activation: A Cognitive Work Analysis. 
American Journal of Nursing, 115(2), 22-
32 
U.S.A. Document review and 
interviews using the 
principles of cognitive work 
analysis 
Inductive and deductive forms 
of analysis – cognitive work 
analysis, framework and 
directed content analysis 
EWS Vital sign monitoring delegated to junior workers who may not 
have the knowledge to interpret results.   
 
Track and Trigger Tools used to confirm or identify deterioration 
depending on experience; Professional intuition important for 
more senior staff/when clinical change is abrupt   
Issues around availability of equipment and staffing 
Brady P.W. and Goldenhar L.M. (2013a). 
A qualitative study examining the 
influences on situation awareness and 
the identification, mitigation and 
escalation of recognised patient risk. BMJ 
Quality and SafetyI, 0, 1-9 
U.S.A. Focus groups x7 – held in 
groups of participants with 
similar roles 
Constant comparison  Situational 
awareness  
Paediatric early warning score supplementing gut feeling but 
these were not standardised  
 
 
Burns et al. (2018) Enhanced early 
warning system impact on nursing 
practice: 
A phenomenological study. Journal of 
Advanced Nursing, 1-7 
U.S.A. Semi-structured interviews 
were used drawing on a 
descriptive 
phenomenological 
methodology 
Iterative thematic analysis  Snowball 
sample 
Importance of professional intuition is reported  
 
Chua, W. L., Mackey, S., Ng, E. K. C., & 
Liaw, S. Y. (2013). Front line nurses' 
experiences with deteriorating ward 
patients: a qualitative study. 
International Nursing Review, 60, 4., 501-
509 
Singapore A qualitative survey using 
critical incident technique  
Inductive content analysis EWS Vital sign monitoring is the responsibility of nurses.  The regularity 
of this activity can lead to it being viewed as a mundane activity  
 
Importance of ‘gut feeling’ and intuition in detection of 
deterioration 
Cioffi, J. (2000). Nurses' experiences of 
making decisions to call emergency 
assistance to their patients. Journal of 
Advanced Nursing, 32(1), 108-114 
Australia  Unstructured interviews with 
nurses who had activated 
the medical emergency team 
(MET) 
Simple code and retrieve  EWS Importance of gut feeling and ‘knowing’ your patient in the 
detection of deterioration  
 
Importance of having staff concern in the MET criterion 
Cioffi, J. (2000). Recognition of patients 
who require emergency assistance: a 
descriptive study. Heart & Lung, 29(4), 
262-268 
Australia  Unstructured interviews  Simple code and retrieve EWS Importance of gut feeling and intuition in recognising 
deterioration  
 
Importance of having staff concern in a calling criteria   
Cioffi, J., Salter, C., Wilkes, L., Vonu-
Boriceanu, O., & Scott, J. (2006). 
Clinicians' responses to abnormal vital 
signs in an emergency department. 
Australian Critical Care, 19(2), 66-72 
Australia  Focus groups with clinicians 
and nurses exploring their 
responses to abnormal vital 
signs 
Constant comparison  EWS Intuition important, particularly for more senior staff to detect 
AVS.  Knowing your patient reported as key; knowledge and 
experience seen as essential. 
 
 
Claussen, D., Garner, D. and Crow, B. 
(2013) Early warning signs and the EHR: 
U.S.A. Retrospective review of calls 
to the rapid response team 
Descriptive statistics  Electronic 
systems  
Professional intuition used in conjunction with the Modified Early 
Warning Score  
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Author Country Methodology Analysis  Search 
Area 
Evidence Contribution  
At the intersection of technology and 
care. Nursing Management, 44, 11, 14-
16 
 
(RRT) and cardiac arrest calls 
to evaluate impact of 
evidence- based guidelines 
(pre-intervention). Modified 
Early Warning Score and 
huddles implemented. 
Electronic health record 
available throughout to 
compare pre and post 
 
  
Davies, O., DeVita, M.A., Ayinla, A. and 
Perez, X.. (2014). Barriers to activation of 
the rapid response system. Resuscitation, 
85(11), 1557-1561 
U.S.A. Survey looking at barriers to 
rapid response system (RRS) 
activation 
Statistical analysis  EWS Professional intuition used over RRS activation criteria – barrier to 
activation  
  
de Groot, J F. et al (2018) “Implementing 
Paediatric Early Warning Scores Systems 
in the Netherlands: Future Implications.. 
BMC Pediatrics, 18: 128 
Netherlands Retrospective patient review 
& semi structured interviews 
with professionals  
Descriptive statistics and 
grounded theory 
PEWS Importance of professional intuition is reported  
 
Donohue, L. and Endacott, R. (2010) 
Track, trigger and teamwork: 
Communication of deterioration in acute 
medical and surgical wards. Intensive and 
Critical Care Nursing, 26, 10-17 
U.K. Qualitative design with 
critical incident technique. 
Semi-structured interviews 
with nurses and the outreach 
team 
Thematic analysis  EWS Importance of gut feeling and intuition in detecting deterioration  
 
  
Downey, C.L., Tahir, W., Randell, R., 
Brown, J.M. and Jayne, D.G. (2017) 
Strengths and limitations of early 
warning scores: A systematic review and 
narrative synthesis. International Journal 
of Nursing Studies, 76, 106- 119  
U.K.  Narrative review  “Patterns 
were identified and translated 
to themes, which were further 
refined 
using an iterative process” 
 
PEWS Drive towards automated alerts  
Endacott et al (2007). Recognition and 
communication of patient deterioration 
in a regional hospital: A multi-methods 
study. Australian Critical care 20, 100—
105 
U.K. Mixed methods case study – 
semi structured interviews 
and audit of charts 
Qualitative content analysis & 
descriptive statistics  
Observations 
and monitoring  
  
Gut feeling important – interestingly particularly for nurses 
whereas doctors sought additional empirical evidence to back up 
intuition  
Endacott, R., & Westley, M. (2006). 
Managing patients at risk of 
deterioration in rural hospitals: a 
qualitative study. Australian Journal of 
Rural Health, 14(6), 275-279 
Australia  Questionnaire, in-depth 
interviews and observations 
Content analysis and constant 
comparison  
EWS Intuition and anticipatory skills important in detecting 
deterioration  
 
 
Entwistle, V. (2004). Nursing shortages 
and patient safety problems in hospital 
care: is clinical monitoring by families 
part of the solution? Health 
Expectations, 7, pp.1–5 (editorial) 
U.S.A. Editorial  N/A Family 
involvement  
Little evidence/no evaluations of policies or practices that 
encourage and support family involvement in clinical monitoring  
 
Propose the innovative practice of interdisciplinary rounds where 
families are invited, and communication is directed to the patient 
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Author Country Methodology Analysis  Search 
Area 
Evidence Contribution  
and family 
Fagan, K.,Sabel, A., Mehler, P. S. and 
MacKenzie, T. D. (2012). Vital Sign 
Abnormalities, Rapid Response, and 
Adverse Outcomes in Hospitalized 
Patients. American Journal of Medical 
Quality 27(6) 480– 486 
U.S.A. Observational Cohort 
comparison study 
Descriptive statistics Electronic 
systems 
Concerns about over-burdening staff with automated alerts.  
 
When considering the patient’s baseline, nursing staff are 
expected to notify the patient’s care provider immediately 
responsible for the patient when the vital signs meet or exceed 
the clinical trigger 
Graedon, J. and Graedon, T. (2006) 
Enlisting Families as Patient Safety Allies. 
Clinical Paediatric Emergency Medicine, 
265-267 
U.S.A focus Opinion piece  N/A Family 
involvement  
Parents to explain child’s baseline  
 
Need to have detailed information about signs and symptoms 
that they should look for that would require alerting the medical 
team 
 
Propose the need for structured inclusion of family concern 
during ward rounds (safety walkrounds) 
Hands, C. et al. (2013) Patterns in the 
recording of vital signs and early warning 
scores: compliance with a clinical 
escalation protocol. Quality and Safety in 
Health Care, 1-8 
U.K. The vital signs (V.S.) and 
early warning data for all in-
patients for one year to 
investigate patterns of V.S 
observations collected 
Statistical Observations 
and monitoring  
Staffing levels and availability of equipment impede the collection 
of vital signs and early warning data 
 
Night-time factors also play a role with a decrease in observations 
noted 
Hope et al. (2017) A fundamental conflict 
of care: Nurses’ accounts of balancing 
patients' sleep with taking vital sign 
observations at night. Journal of Clinical 
Medicine 
U.K. Semi-structured interviews 
with 17 registered nurses  
Constant 
comparative method informed 
by grounded theory 
Snowball 
sample 
Wider context of night-time care considered; there is some 
indication that staff are making a choice and prioritising sleep 
over monitoring  
 
James, J., Butler-Williams, C., Hunt, J. and 
Cox, H. (2010) Vital signs for vital people: 
an exploratory study into the role of the 
Healthcare Assistant in recognising, 
recording and responding to the acutely 
ill patient in the general ward setting. 
Journal of Nursing Management, 18, 
548-555 
U.K. Postal survey with 
Healthcare Assistants (HCAs) 
utilising closed and open 
questions  
Descriptive statistics & content 
analysis of qualitative data 
Observations 
and monitoring  
Factors other than the score used to detect deterioration - 
intuition/patient’s own descriptions 
 
Vital sign monitoring delegated to junior staff who may not have 
the skills to interpret results; many HCAs did not “fully understand 
this neurological assessment and it is implications for the acutely 
unwell patient thus resulting in the risk of an inaccurate early 
warning score” p 552 
Jensen, C. et al. (2018) Pediatric Early 
Warning Score Systems, Nurses 
Perspective – A Focus Group Study. 
Journal of Pediatric Nursing 
Denmark Focus group exploring nurse’ 
experiences with a paediatric 
early warning score 
Qualitative meaning 
condensation analysis 
PEWS Sleeping as a part of care identified 
 
Professional intuition 
 
Night-time pressures  
Jones, D. et al. (2006). Nurses' attitudes 
to a medical emergency team service in a 
teaching hospital. Quality & Safety in 
Health Care, 15(6), 427-432 
Australia  Questionnaire about 
understandings and barriers 
to activating a medical 
emergency team (MET) 
Simple descriptive statistics EWS Intuition important when detecting deterioration  
 
  
Jones, S., Mullally, M., Ingleby, S., Buist, U.K. Electronic capture of Statistical  Electronic Electronic systems can provide prompts or alerts for monitoring 
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M., Bailey, M. and Eddleston, J. M. 
(2011). Bedside electronic capture of 
clinical observations and automated 
clinical alerts to improve compliance 
with an Early Warning Score protocol. 
Crit Care Resusc; 13: 83–88 
physiological data to see if 
automated clinical alerts 
increase compliance with an 
early warning score and 
improve patient outcomes 
systems  vital signs 
 
This system demonstrated significant improvement in clinician 
attendance to acutely ill patients with an early warning score of 3 
and above 
Kaul, M., Snethen, J., Kelber, S., 
Zimmanck, K., Maletta, K. and Meyer, M. 
(2014) Implementation of the bedside 
paediatric early warning system 
(BedsidePEWS) for nurse identification of 
deteriorating patients’. Journal for 
specialists in pediatirc nursing, 19, 339-
349 
U.S.A. Descriptive cross- sectional 
study; nurse and medical 
staff survey 
Descriptive statistics PEWS Benefits of BedsidePEWS – nurses more likely to identify early 
signs of deterioration and a greater ability to escalate care.  
Delegation to junior staff justified 
Lobos AT, Fernandes R, Ramsay T, 
McNally JD. (2014) Patient characteristics 
and disposition after pediatric medical 
emergency team (MET) activation: 
disposition depends on who activates the 
team. Hospital Pediatrics. 4(2):99-105 
Canada Implementation report Simple descriptive statistics   PEWS Delegation to junior staff 
 
Education package developed around the RRS with a variety of 
informal lectures and interactive sessions; “lunch and learns”, 
“education coffee carts” and simulation programs for instance 
Lydon et al. (2016) A mixed-methods 
investigation of health professionals’ 
perceptions of a physiological track and 
trigger system. BMJ Quality and Safety, 
25, 688-695 
 30 semi-structured 
interviews based on the 
theory of planned behaviour 
were conducted   
 
Questionnaire with Likert 
scale developed from the 
interview data 
Deductive content analysis  
 
PEWS  Professional intuition  
 
 
 
Mackintosh, N., Humphrey, C., & Sandall, 
J. (2014a). The habitus of 'rescue' and its 
significance for implementation of rapid 
response systems in acute health care. 
Social Science & Medicine, 120, 233-242 
U.K. Ethnographic perspective ; 
observations, semi-
structured interviews  
Data were inductively and 
deductively coded using NVivo 
v8 and organised thematically 
 
 
EWS Delegation of routine observation and vital sign monitoring to 
junior staff 
 
Professional intuition important; ‘knowing the patient’ important 
for detecting subtle changes in a patient’s condition  
Mackintosh, N., Rainey, H. and Sandall, J. 
(2012a) Understanding how rapid 
response systems may improve safety for 
the acutely ill patient: learning from the 
frontline. BMJ Qual Saf, 21, 135-144 
 
U.K. Comparative case study a 
rapid response system (RRS) 
using ethnographic methods 
including observations, 
interviews and documentary 
review. 
Inductive and deductive 
coding facilitated by NVivo.  
Also utilised theme building 
and structuring methods from 
framework analysis whilst also 
informed by other theoretical 
frameworks such as 
‘technology-in-practice’ 
EWS Observations and monitoring delegated to junior staff/health care 
assistants (HCAs) and nurses – early warning system (EWS) 
legitimised delegation of these tasks. 
Importance of pattern recognition and intuition  
 
The TTT used to confirm or identify deterioration and are 
particularly useful for junior staff 
 
Mackintosh, N., Watson, K., Rance, S., & 
Sandall, J. (2014b). Value of a modified 
U.K. Ethnographic study using 
observations (>120 h), semi-
Thematic analysis with data 
analysed iteratively in addition 
EWS Professional intuition important when detecting deterioration  
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early obstetric warning system (MEOWS) 
in managing maternal complications in 
the peripartum period: an ethnographic 
study. BMJ Quality & Safety, 23(1), 26-34 
structured interviews (n=45) 
and documentary review 
to a more strategic and policy-
focused coding framework 
 
Massey, D., Chaboyer, W., & Aitken, L. 
(2014). Nurses' perceptions of accessing 
a Medical Emergency Team: a qualitative 
study. Australian Critical Care, 27(3), 
133-138 
Australia  In depth semi structured 
interviews  
Inductive approach – thematic 
analysis  
EWS Importance of intuition or ‘sensing clinical deterioration’ 
 
 
McDonnell, A., Tod, A., Bray, K., 
Bainbridge, D., Adsetts, D., & Walters, S. 
(2013). A before and after study 
assessing the impact of a new model for 
recognizing and responding to early signs 
of deterioration in an acute hospital. 
Journal of Advanced Nursing, 69(1), 41-
52 
U.K. Single centre, mixed method 
before and after study 
including a survey to 
measure changes in nurses’ 
knowledge after 
implementation of a track 
and trigger system (T&Ts).  
Also, qualitative interviews 
Statistical analysis and 
thematic framework analysis 
EWS T&Ts used to confirm or identify deterioration depending on the 
experience of the user.  Specific objective information was seen as 
helping the response arm prioritise work 
 
Importance of professional intuition or ‘gut feeling’ in detecting 
deterioration  
 
Need for staff concern in T&Ts 
McKay, H., Mitchell, I., Sinn, K., 
Mugridge, H., Lafferty, T., Leuvan,, C. 
Mamootil, S. and Abdel-Latif, M. (2013) 
“Effect of a multifaceted intervention on 
documentation of vital signs and staff 
communication regarding deteriorating 
paediatric patients”, Journal of 
Paediatrics and Child Health, Volume 49, 
Issue 1, pages 48–56 
Australia  Prospective, controlled 
before and after intervention 
trial 
Statistical analysis PEWS Specific education package developed around the Paediatric 
Early Warning Score which assists in the recognition of 
deterioration  
 
Mohammed, Hayton, R., Clements, G., 
Smith, G. and Prytherch, D. (2009) 
Improving accuracy and efficiency of 
early warning scores in acute care. British 
Journal of Nursing, 18, 1, 18-24 
 
U.K. Three phases; the first two 
were based in a classroom 
and asked nurses to calculate 
an early warning score from 
vignettes using pen and 
paper followed by a hand-
held computer.  The third 
phase followed the previous 
approach but was based on 
the ward after nurses had 
been using the device for 4 
weeks 
Statistical  Electronic 
systems  
Timeliness of electronic vital sign recording when compared with 
paper systems 
 
 
Mohammed Iddrisu, S. et al (2018) 
Nurses role in recognising and 
responding to clinical deterioration. 
Journal of Clinical Nursing, 27, 9-10, 
1920-1930 
Australia  To explore nurse’ role in 
recognising and responding 
to deteriorating 
postoperative patients 
through focus groups 
Thematic analysis Snowball 
sample  
Staff concern in tool criteria useful 
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Paciotti B, Roberts KE, Tibbets KM, 
Weirich Paine C, Keren R, Barg FK, 
Holmes J H and Bonafide CP (2014). 
Physician attitudes toward family-
activated medical emergency teams for 
hospitalized children. The Joint 
Commission Journal on Quality and 
Patient Safety, 40 (4) 
U.S.A. Semi-structured interviews 
with clinicians  
Grounded theory and constant 
comparison  
Family 
involvement  
Physicians depend on families to explain a child’s base-line 
 
 
Pattison, N., & Eastham, E. (2012). 
Critical care outreach referrals: a mixed-
method investigative study of outcomes 
and experiences. Nursing in Critical Care, 
17(2), 71-82 
U.K. Mixed method study looking 
at the impact of a critical 
care 
outreach team (CCOT) 
Statistical analysis and 
grounded theory 
EWS Track and trigger tool is used to either confirm or identify 
deterioration depending on the experience of the user 
 
‘Gut feeling’/intuition important – patient appearance often an 
important sign in detecting deterioration  
Radeschi, G., Urso, F., Campagna, S., 
Berchialla, P., Borga, S., Mina, A., . . . 
Sandroni, C. (2015). Factors affecting 
attitudes and barriers to a medical 
emergency team among nurses and 
medical doctors: A multi-centre survey. 
Resuscitation, 88, 92-98 
Italy Multicentre survey to 
identify the attitudes and 
barriers to medical 
emergency team (MET) 
utilisation 
Statistical analysis  EWS Intuition (physical appearance important) in detecting 
deterioration   
Schmidt, P. E., et al (2014). Impact of 
introducing an electronic physiological 
surveillance system on hospital mortality. 
BMJ Quality and safety 
U.K. Retrospective analysis of 
data collected routinely. 
Pragmatic observational 
study of VitalPAC 
deployment in 2 large 
hospitals 
Statistical analyses  Electronic 
systems  
Electronic systems provide prompts for alerts facilitates better 
recognition of deterioration and is associated with reduced 
mortality 
 
 
Sefton, G., Lane, S., Killen, R. et al. (2017) 
Accuracy and Efficiency of Recording 
Pediatric 
Early Warning Scores Using an Electronic 
Physiological 
Surveillance System Compared With 
Traditional 
Paper-Based Documentation. Computers, 
Informatics, Nursing, 35, 5, 228 – 236 
U.K. Controlled study of vital sign 
documentation & paediatric 
early warning score 
calculation and a survey of 
acceptability  
Descriptive statistics  PEWS Errors in paper-based documentation were found; incorrect age-
specific chart used; inaccurate documentation of values and 
plotting of trends; incorrect paediatric early warning score 
calculation.  In comparison the error rate using the electronic 
score was low 
Shearer, B., Marshall, S., Buist, M. D., 
Finnigan, M., Kitto, S., . . . Ramsay, W. 
(2012). What stops hospital clinical staff 
from following protocols? An analysis of 
the incidence and factors behind the 
failure of bedside clinical staff to activate 
the rapid response system in a multi-
campus Australian metropolitan 
Australia  A mixed-method study  
 
Iterative coding EWS Importance of professional intuition  
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healthcare service. BMJ Quality & Safety, 
21(7), 569-575 
Sonning, K, et al. (2018) “A Survey of 
Healthcare Professionals’ Experiences 
with the Paediatric Early Warning Score 
(PEWS).” Norwegian Journal of Clinical 
Nursing 12(64605) 
Norway Questionnaire of a sample of 
staff who use a paediatric 
early warning score 
Descriptive statistics  PEWS Appreciate that a paediatric early warning score encourages a 
systematic approach to monitoring. 
Stevenson, J. E. & Nilsson G. (2011). 
Nurses’ perceptions of an electronic 
patient record from a patient safety 
perspective: a qualitative study. Journal 
of Advanced Nursing 68(3), 667–676 
Sweden  Qualitative; focus groups 
with 21 registered nurses 
Content analysis of interviews Electronic 
systems  
Verbal reports were favoured over the electronic system  
Stewart, J., Carman, M., Spegman, A., & 
Sabol, V. (2014). Evaluation of the effect 
of the modified early warning system on 
the nurse-led activation of the rapid 
response system. Journal of Nursing Care 
Quality, 29(3), 223-229 
Sweden  Mixed method.  
Retrospective review of 
records and nurse led focus 
groups 
Statistical analysis and content 
analysis 
EWS Intuition still plays a part – the ‘score’ was rarely the single 
determining factor in activation but rather prompted nurses to 
gather additional information  
 
  
Subbe et al. (2018) Effect of an 
automated notification system for 
deteriorating ward patients on clinical 
outcomes. Critical Care, 21, 52 
U.K. A before and after study of 
an electronic automated 
advisory V.S. monitoring and 
notification system.  Elevated 
scores were relayed to a RRT 
Statistical analysis  Snowball 
sample 
Automated VS monitoring associated with a decrease in mortality 
Wager, K. A., Schaffner, M. J., Foulois, B., 
Swanson Kazley, A., Parker, C. Walo, H. 
(2010). Comparison of the Quality and 
Timeliness of Vital Signs Data Using 
Three Different Data-Entry Devices. 
Computers, Informatics, Nursing & Vol. 
28, No. 4, 205–212 
U.S.A. Observational study. 
 
 
Descriptive statistics  Electronic 
systems  
Batching of patient data whereby the care provider handwrites 
the patient’s vital signs and uploads it to the computer at a later 
time is common, especially as the computers are often busy.  
Individual tablet PCs seems to eliminate this from occurring 
 
 
Watson, A., Skipper, C., Steury, R., Walsh, 
H. and Levin, A. (2014) Inpatient nursing 
care and early warning scores: a 
workflow mismatch. J Nurs Care Qual, 
29, 3, 215-222 
U.S.A. Mixed method, retrospective 
medical record observations 
and observations of nurse 
interactions in one minute 
blocks 
Observation analysis, although 
this is not described, and 
statistical analysis 
PEWS Information relating to transfer to electronic systems – distance 
the ‘eyes’ of the nurses from the patient; batching 
 
Intuition  
 
Wheatley (2006). The nursing practice of 
taking level 1 patient observations. 
I&CCNurs 22: 115-121 
U.K. Ethnographic approach; 
participant observation & 
semi-structured interviews 
Thematic & content analysis Observations 
and monitoring 
The regularity of vital signs monitoring may also lead to it 
becoming viewed as mundane practice that can be delegated to 
health care assistants. 
 
Workplace pressure/equipment failures affect quality of 
observations 
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Table 43: Summary of planning evidence 
Author Country  Methodology  Analysis  Search  
Area  
Evidence Contribution  
Abraham J, Kannampallil T, Patel B, 
Almoosa K, Patel V. (2012) Ensuring 
patient safety in care transitions: an 
empirical evaluation of a Handoff 
Intervention Tool. AMIA Annual 
Symposium Proceedings/AMIA 
Symposium, 17-26 
U.S.A. Pre and post prospective 
study 
The quality and completeness 
of the handoff note – both 
tools – was assessed by a 
multi-professional round 
Structured 
handover  
Value of a checklist tool for handover 
Brady P.W. and Goldenhar L.M. 
(2013a). A qualitative study 
examining the influences on 
situation awareness and the 
identification, mitigation and 
escalation of recognised patient risk. 
BMJ Quality and Safety, 0, 1-9 
U.S.A. Focus groups x7 – held in 
groups of participants with 
similar roles 
Constant comparison  Situational 
awareness  
Huddle useful to proactively identify and plan for risk  
  
Structure to support handover important 
Brady P.W., Muething S., Kotagal et 
al. (2013b). Improving situation 
awareness to reduce unrecognized 
clinical deterioration and serious 
safety events. Pediatrics, 131, 1 
U.S.A.   Statistical process control 
charts  
Situational 
awareness 
Huddles led by a Watchstander charge nurse.  When risk is identified 
the team discussed this and developed a plan to mitigate risk  
  
  
Claussen, D., Garner, D. and Crow, 
B. (2013) Early warning signs and 
the EHR: At the intersection of 
technology and care. Nursing 
Management, 44, 11, 14-16  
U.S.A. Retrospective review of calls 
to the rapid response team 
(RRT) and cardiac arrest calls 
to evaluate impact of 
evidence-based guidelines  
Descriptive statistics  Electronic 
systems  
The huddle was seen as useful and was called as a patient’s status was 
changing to ‘red’ so that all team members were informed  
  
  
Davies, O., DeVita, M.A., Ayinla, A. 
and Perez, X.. (2014). Barriers to 
activation of the rapid response 
system. Resuscitation, 85(11), 1557-
1561 
U.S.A. Survey looking at barriers to 
rapid response system (RRS) 
activation 
Statistical analysis  EWS Activation criteria displayed around the hospital  
  
  
Demmel KM, Williams L, Flesch L. 
(2010) Implementation of the 
Pediatric Early Warning Scoring 
System on a Pediatric 
Hematology/Oncology Unit. Journal 
of Pediatric Oncology Nursing, 
27(4):229-240 
U.S.A. Discussion of the set-up and 
implementation of a 
paediatric early warning 
scoring tool and an associated 
algorithm  
Rapid, Plan-Do-Study-Act 
(PDSA) cycles were 
implemented using small tests 
of change. The data from the 
PDSA cycles were 
continuously collected, 
analysed, and reviewed with 
the multidisciplinary staff and 
PEWS Importance of common information spaces & display of activation 
criteria throughout the hospital  
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planning team and used to 
give ongoing direction to the 
implementation plan 
Donahue M, Smith L, Dykes P. 
(2010) Phase 2 of the EMPOWER 
project: enhancing communication 
for paraprofessionals. Journal of 
Continuing Education in Nursing.  
0;41(5) 
U.S.A. Focus groups evaluation of a 
training programme which 
was developed to teach 
paraprofessionals situation, 
background, assessment, 
recommendation (SBAR) 
communication tool 
Not clear Structured 
handover 
Value of a structured approach to handover  
  
Adaptation of the SBAR tool for handover  
Ennis, L (2014) Paediatric early 
warning scores on a children's ward: 
a quality improvement initiative. 
Nursing children and young people, 
26, 7, 25-31 
Ireland  Description of implementation 
of paediatric early warning 
score and subsequent audit 
(prospective cohort 
observational study) 
Simple descriptive statistics of 
numbers children triggering 
the paediatric early warning 
score and compliance with 
escalation protocol  
PEWS Common information spaces important & display of activation criteria 
throughout the hospital  
  
Usefulness of ISBAR as a communication tool 
  
  
Goldenhar LM, Brady PW, Sutcliffe 
KM, Muething SE (2013). Huddling 
for high reliability and situation 
awareness. BMJ Quality & Safety, 
22, 899-906 
U.S.A. Semi structured interviews 
and focus groups to develop a 
deeper understanding of a 
newly implemented huddle 
systems 
Constant comparison  Situational 
awareness  
Importance of the huddle - Empowerment and sense of community; 
Facilitated greater and better information sharing  
  
Each huddle participant was asked to systematically report on patients 
in their units who they thought would deteriorate in the near future and 
to label them as ‘watchers’, asking senior nurses and physician leads to 
coach charge nurses on how to integrate their perceptions into a 
informal severity of illness assessment (comprehension) and training the 
clinicians on how to use the information to facilitate prediction and 
planning for at risk patients (projection)  
Mackintosh N, Berridge E-J, Freeth 
D. (2009) Supporting structures for 
team situation awareness and 
decision making: insights from four 
delivery suites. Journal of Evaluation 
in Clinical Practice.15(1):46-54 
U.K. Ethnographic 
2 stage process of lightly 
structured observations 
followed by a more focused 
period of data generation to 
test and elaborate the 
outcomes from stage 1 
Initial thematic analysis and 
search for negative cases 
  
  
Situational 
awareness 
For teams with a strong level of situation awareness (SA), key supports 
were all used in a balanced and supportive manner to gather and 
disseminate information which served to promote a culture of shared 
ownership and a proactive model of workload management, with 
temporary disruptions to the model easily accommodated 
  
Whiteboard – when used effectively was a vital means for supporting 
SA.  It provides teams with a snapshot of a constantly changing 
workload, the team’s activity levels and resource availability.  Workload 
at times compromised its effectiveness.  And irrespective of workloads, 
location and local traditions had a bearing on its use and usefulness 
  
White boards need to be in a visible location 
  
Importantly, the interplay between these key support for SA will vary 
depending on the context; the same supports used differently will 
naturally produce different outcomes  
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Handover took many forms; structured and informal; profession specific 
and inter-professional; participatory or a one-way transmission of 
information.  The effectiveness of SA was dependent upon the form that 
handover took – who was present, contributions made, information 
relayed.  SA was more likely to be compromised when key people were 
absent 
  
Senior staff coordinator important for SA and became compromised if 
they were largely focussed on providing patient care  
Mackintosh, N., Rainey, H. and 
Sandall, J. (2012a) Understanding 
how rapid response systems may 
improve safety for the acutely ill 
patient: learning from the frontline. 
BMJ Qual Saf, 21, 135-144 
U.K. Comparative case study a 
rapid response system (RRS) 
using ethnographic methods 
including observations, 
interviews and documentary 
review 
Inductive and deductive 
coding facilitated by NVivo.  
Also utilised theme building 
and structuring methods from 
framework analysis whilst 
also informed by other 
theoretical frameworks such 
as ‘technology-in-practice’ 
EWS Availability of equipment an issue where the track and trigger tool (TTT) 
was electronic  
  
Electronic systems helped HCAs and nursing staff to share 
understandings, planning and manage their workload  
  
  
Massey, D., Chaboyer, W., & Aitken, 
L. (2014). Nurses' perceptions of 
accessing a Medical Emergency 
Team: a qualitative study. Australian 
Critical Care, 27(3), 133-138 
Australia  In depth semi structured 
interviews  
Inductive approach – 
thematic analysis  
EWS Common information spaces useful.  Display of activation criteria 
throughout hospital  
  
  
McCrory et al. (2012) ABC-SBAR 
Training improves simulated critical 
patient hand-off by pediatric 
interns. Pediatric Emergency Care.  
0;28(6) 
U.S.A. Prospective, pre-
interventional and post-
interventional study to 
evaluate the educational 
intervention of teaching ABC-
SBAR 
Two blinded reviewers 
assessed 52 video-recorded 
hand-offs for inclusion, order, 
and elapsed time to essential 
hand-off information using a 
scoring tool 
Structured 
handover 
Information sharing for handovers are of variable quality  
  
A more structured approach will improve information sharing and 
therefore situational awareness – “without a structured hand-of tool, 
paediatric interns overemphasize background information and leave the 
reason for the call delayed” 
  
Adaptation of the SBAR tool to include ABC – usefulness of this  
Mullan PCM. A novel briefing 
checklist at shift handoff in an 
emergency department improves 
situational awareness and safety 
event identification. Pediatric 
Emergency Care. 2015;31(4):231-8 
U.S.A. Descriptive observational 
study 
Checklists were evaluated for 
rates of use, completion and 
identification of potential 
safety events 
Situational 
awareness 
The value of more structured approach to information sharing and 
situational awareness 
  
Utilises a checklist handover system for physicians.  Checklist items 
focussed on the status of the patient, ED providers and hospital 
resources.  A “Read-Do” format was designed  
Parker, M.W, Carroll, M., Bolser, B. 
et al. (2017) Implementation of a 
Communication Bundle for 
High-Risk Patients. Hospital 
Pediatrics, 7, 9, 523-529 
U.S.A. Manual review of all eligible 
patient records  
Descriptive statistics  PEWS Example of a bundle around the “watcher” category with 5 component 
that needed to be completed within two hours of a patient being 
designated as such 
Pearson G & Duncan H. (2011) Early U.K. Brief review of the evidence N/A PEWS Value of a more structured approach to communication - Advocate the 
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warning systems for identifying sick 
children Paediatrics and Child 
Health. 21(5): 232-233 
base surrounding the 
paediatric early warning score 
use of a shared communication model such as SBAR (Situation, 
Background, Assessment and Recommendation) to communicate 
findings to superiors  
  
Pezzolesi C, Manser T, Schifano F, 
Kostrzewski A, Pickles J, Harriet N, et 
al. (2013) Human factors in clinical 
handover: Development and testing 
of a 'handover performance tool' for 
doctors' shift handovers. 
International Journal for Quality in 
Health Care. 25(1):58-65 
U.K. Delphi Study for tool 
development  
Descriptive statistics 
  
Handovers were analysed and 
rated according to a measure 
of essential skills 
Situational 
awareness 
Information on handover – can be of variable quality  
  
Most handover tools are adaptations of Situation Background 
Assessment Recommendation (SBAR) communication tool 
  
Important to remember that handover facilitates teamwork and this 
hinges on communicative forms that extend beyond the information 
transfer that is typically the focus of structured handover tools 
Randhawa S, Roberts-Turner R, 
Woronick K, DuVal J. (2011) 
Implementing and Sustaining 
Evidence-Based Nursing Practice to 
Reduce Pediatric Cardiopulmonary 
Arrest. Western Journal of Nursing 
Research. 33(3):443-456 
U.S.A. Description of the 
implementation process with 
cardiopulmonary arrest (CPA) 
statistics pre and post 
implementation  
  
Once a cycle from the 
implementation has been 
completed this is evaluated 
and then another cycle begins 
PEWS White boards placed in a central location displayed scores of all patients 
so that staff could quickly assess which patients were at high risk for 
deterioration. 
  
Activation criteria displayed throughout the hospital 
Stewart, J., Carman, M., Spegman, 
A., & Sabol, V. (2014). Evaluation of 
the effect of the modified early 
warning system on the nurse-led 
activation of the rapid response 
system. Journal of Nursing Care 
Quality, 29(3), 223-229 
Sweden  Mixed method.  Retrospective 
review of records and nurse-
led focus groups 
Statistical analysis and 
content analysis 
EWS Huddle –the score was used during the daily bed ‘huddle’ with the 
nursing administrators, to evaluate current unit acuity, determine 
staffing need & prepare for any transfers 
  
Van Voorhis, K.T. and Scahde Willis, 
T. (2009) Implementing a pediatric 
rapid response system to improve 
quality and patient safety. Pediatr 
Clin N Am, 56, 919-933 
U.S.A. Discussion paper highlighting 
the process of developing a 
paediatric rapid response 
system (RRS)  
N/A  PEWS Display of activation criteria throughout hospital on lanyards and use of 
white boards useful 
  
  
Vries, A., Draaisma, J. and 
Fuijkschot, J. (2017) Clinician 
Perceptions of an Early Warning 
System 
on Patient Safety.  Hospital 
Pediatrics, 7, 10, 579-586 
Netherlands Semi-structured interview  Qualitative content analysis  PEWS PEWS/TTT is used to support situational awareness. Use of PEWS 
enables clinicians to have a 'birds-eye' view over admitted patients 
Wager, K. A., Schaffner, M. J., 
Foulois, B., Swanson Kazley, A., 
Parker, C. Walo, H. (2010). 
Comparison of the Quality and 
Timeliness of Vital Signs Data Using 
Three Different Data-Entry Devices. 
U.S.A. Observational study. 
  
Explored the timeliness and 
quality of vital signs data 
entered by 3 different 
recording methods  
Descriptive statistics  Electronic 
systems  
Batching of patient data whereby the care provider handwrites the 
patient’s vital signs and uploads it to the computer at a later time is 
common, especially as the computers are often busy 
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Area  
Evidence Contribution  
Computers, Informatics, Nursing & 
Vol. 28, No. 4, 205–212 
Watson, A., Skipper, C., Steury, R., 
Walsh, H. and Levin, A. (2014) 
Inpatient nursing care and early 
warning scores: a workflow 
mismatch. J Nurs Care Qual, 29, 3, 
215-222 
U.S.A. Mixed method, retrospective 
medical record observations 
and observations of nurse 
interactions  
Observation analysis, 
although this is not described, 
and statistical analysis 
PEWS Availability of equipment a factor 
  
  
Weiss M.J.B., Bhanji, F., Fontela, PS. 
And Razack, SI.. (2013) A preliminary 
study of the impact of a handover 
cognitive aid on clinical reasoning 
and information transfer. Medical 
Education.  0;47(8) 
Canada  A randomised 
controlled trial in an academic 
paediatric 
intensive care unit (PICU) of 
20 handovers 
events  
Differences between 
intervention and control 
groups were assessed using 
the Mann-Whitney test and 
multivariate linear regression 
  
Structured 
handover  
Value of a more structured approach to support information sharing - a 
cognitive aid to facilitate handover that prompted residents to transmit 
this information.  The handover aid was not linked into hospital 
information systems – so this had to be completed by hand before 
handover 
  
Handover is an opportunity for learning and professional socialisation 
Wong, D., Bonnici, T., Knight, J., 
Morgan, L., Coombes, P. and 
Watkinson, P. (2015) SEND: a 
system for electronic notification 
and documentation of vital sign 
observations. BMC Medical 
Informatics and Decision Making, 
15, 68 
U.K. Description of user-focussed 
design process for use of 
electronic monitoring & 
numbers of observations 
taken using the system.  
Acceptability questionnaire 
Descriptive statistics on the 
number of observations 
recorded using the SEND 
system & the number of 
active users 
Electronic 
systems 
Development of a flexible electronic system which enabled staff to have 
an overview of patients – reflections on disconnection 
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APPENDIX 20: SUMMARY OF ACTION EVIDENCE 
Table 44: Summary of action evidence 
Author Country  Methodology  Analysis  Search  
Area 
Evidence Contribution  
Adelstein, B. A., Piza, M. A., Nayyar, 
V., Mudaliar, Y., Klineberg, P. L., & 
Rubin, G. (2011). Rapid response 
systems: A prospective study of 
response times. Journal of Critical 
Care, 26, 635 
Australia  Prospective comparison 
of rapid response team 
(RRT) criteria breaches  
Statistical  EWS Day/night differences in activation identified  
 
Nurses may not understand what is required for activation. 
 
Staff not investing in calling criteria  
Almblad, A.C., Siltberg, P., Engvall, 
G. and Malqvist, M. (2018) 
Implementation of Pediatric Early 
Warning Score; Adherence 
toGuidelines and Influence of 
Context. Journal of Pediatric 
Nursing, 38, 33-39 
Sweden  retrospective review of 
EPR and a context 
assessment of the work 
environment using the 
Alberta Context Tool. 
 
Statistical  Snowball 
sample 
Senior leadership consistently identified as important 
Andrews, T. and Waterman, H. 
(2005) Packaging: a grounded 
theory of how to report 
physiological deterioration 
effectively. Journal of Advanced 
Nursing 52, 5,473–481 
U.K. Interviews and 
observations 
Grounded theory EWS Track & Trigger Tools (TTT) act as prompts to action  
 
TTT used to overcome challenges in communication & particularly valuable for 
junior staff 
 
Negative attitude towards calling for help 
Astroth, K., Woith, W. M., 
Stapleton, S. J., Degitz, R. J., & 
Jenkins, S. H. (2013). Qualitative 
exploration of nurses' decisions to 
activate rapid response teams. 
Journal of Clinical Nursing, 22(19-
20), 2876-2882 
U.S.A. Semi-structured 
interviews with nurses 
Coding categories 
were generated from 
the data, and 
consensus on final 
themes was achieved 
through an iterative 
process  
EWS Situation under control – no need to escalate or perceived business of medical staff 
discouraged staff from RRT activation  
 
Staff encouraged to use their intuition when activating the RRT 
 
Concern about feeling inadequate in front of colleagues a barrier to RRT activation  
Inexperienced staff teaming up – led to staff trusting their own judgement  
 
Traditional hierarchies a barrier to RRT activation – nurses more likely to call the 
attending physician rather than activate the RRT 
Azzopardi, P.; Kinney, S.; Moulden, 
A. & Tibbals, J. Attitudes and 
barriers to a Medical Emergency 
Team system at a tertiary paediatric 
hospital. Resuscitation, 82, 167-174 
Australia  Survey  Statistical analysis  PEWS Score rarely the determining factor in escalation - would not escalate for a patient 
who looked well but would escalate for a patient they were worried about even if 
not triggering  
 
Negative attitude towards calling for help – feeling inadequate/perceived business 
of Paediatric Intensive Care Unit had an impact on doctors escalating but not nurses  
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Author Country  Methodology  Analysis  Search  
Area 
Evidence Contribution  
Senior leadership is important when implementing a MET 
Bavare, A.C., Thomas, J.K., Elliott, 
E.P., Morgan, A.C. and Graf, J. 
(2017) Family-initiated pediatric 
rapid response: characteristics, 
impetus and outcomes, Journal for 
healthcare Quality, 40, 2, 103 – 109 
U.S.A. Retrospective 
observational study of 
rapid response events 
Descriptive statistics  PEWS All family activated RRT had appropriate clinical triggers with the most common 
being uncontrolled pain. More than half of FIRRs had a vital sign change that should 
have qualified Clinician-RRT activation. Seventy-six percent FIRRs needed at least 
one or more interventions. Twenty-seven percent of family initiated RRTs needed 
transfer to intensive care unit compared with 60% transfer rate for Clinician RRTs 
Bogert, S., Ferrell, C. and Rutledge, 
D. N. (2010). Experience with Family 
Activation Of Rapid Response 
Teams. MEDSURG Nursing—
July/August 2010—Vol. 19/No. 4 
U.S.A Implementation of 
Condition Help 
(ConditionH)  
Descriptive statistics Family 
involvement  
Implementation of ConditionH 
 
ConditionH being addressed during daily rounds 
Bonafide C., Roberts K., Weirich C., 
Paciotti B., Tibbetts K., Keren R., 
Barg F. and Holmes J. (2013) 
Beyond Statistical Prediction: 
Qualitative Evaluation of the 
Mechanisms by which Pediatric 
Early Warning Scores Impact 
Patient safety. J Hospital Medicine, 
8, 5, 248-253 
U.S.A. Semi-structured 
interviews 
Grounded theory PEWS Disinclination to seek help    and concerns about appearing inadequate in front of 
colleagues  
 
Informal peer support 
 
Senior leadership important  
Braaten, J.S. (2015). Hospital 
System Barriers to Rapid Response 
Team Activation: A Cognitive Work 
Analysis. American Journal of 
Nursing, 115(2), 22-32 
U.S.A. Document review and 
interviews using the 
principles of cognitive 
work analysis 
Inductive and 
deductive forms of 
analysis – cognitive 
work analysis, 
framework and 
directed content 
analysis 
EWS Issues around availability of equipment and staffing 
 
Negative attitude/delays around calling for help with staff needing to justify 
escalation.  Other factors impact upon this including the perception that the 
situation is under control/perceived business of physicians/not wanting to appear 
inadequate 
Brady P.W., Muething S., Kotagal et 
al. (2013b). Improving situation 
awareness to reduce unrecognized 
clinical deterioration and serious 
safety events. Pediatrics, 131, 1 
U.S.A.  Statistical process 
control charts  
Situational 
awareness 
Concerns about resources reported  
 
 
 
Brady, P.W. et al. (2014) Developing 
and evaluating the success of a 
family activated medical emergency 
team: a quality improvement 
report. BMJ Qual Saf 2014; 0: 1–9 
U.S.A. A retrospective cohort 
study looking at the 
association between 
family and clinician 
activations and transfer 
to the intensive care unit 
following a MET call 
Quality improvement 
methods and 
statistical process 
control charts were 
used to assess the rate 
of family activation of 
METs 
Family 
involvement 
Direct mechanism for families to activate a MET 
 
Concerns from clinicians about a family activated MET over-burdening the system 
are unfounded 
Chua, W. L., Mackey, S., Ng, E. K. C., 
& Liaw, S. Y. (2013). Front line 
nurses' experiences with 
Singapore A qualitative survey using 
critical incident technique  
Inductive content 
analysis 
EWS Staff felt that they had not been educated to an adequate level – training lacking  
 
Negative attitude towards calling for help – fears of appearing inadequate 
  389 
Author Country  Methodology  Analysis  Search  
Area 
Evidence Contribution  
deteriorating ward patients: a 
qualitative study. International 
Nursing Review, 60, 4., 501-509 
Cioffi, J. (2000). Nurses' experiences 
of making decisions to call 
emergency assistance to their 
patients. Journal of Advanced 
Nursing, 32(1), 108-114 
Australia  Unstructured interviews 
with nurses who had 
activated the medical 
emergency team (MET) 
Simple code and 
retrieve  
EWS Reluctance to activate – doubting ability; fears of appearing inadequate; decisions 
made based on the perceived availability of resources/business of medical 
staff/time of day all had an impact on decisions to activate the MET 
 
Importance of having staff concern in the MET criterion 
Cioffi, J. (2000). Recognition of 
patients who require emergency 
assistance: a descriptive study. 
Heart & Lung, 29(4), 262-268 
Australia  Unstructured interviews  Simple code and 
retrieve 
EWS Importance of having staff concern in a calling criteria 
 
Reluctance to activate – busyness of ward a factor  
    
Cioffi, J., Salter, C., Wilkes, L., Vonu-
Boriceanu, O., & Scott, J. (2006). 
Clinicians' responses to abnormal 
vital signs in an emergency 
department. Australian Critical 
Care, 19(2), 66-72 
Australia  Focus groups with 
clinicians and nurses 
exploring their responses 
to abnormal vital signs 
Constant comparison  EWS Availability of equipment an issue/staffing pressures; staff unable to carry out 
routine monitoring that would enable the detection of abnormal vital signs 
(AVS)/escalation hampered because of difficulty finding the appropriate senior 
person 
 
Medical emergency team (MET) criteria used to confirm or identify deterioration 
depending on experience  
 
Negative attitude towards asking for help - lack of confidence questioning 
peers/fear of being reprimanded /feeling the situation was under control 
de Groot, J F. et al (2018) 
“Implementing Paediatric Early 
Warning Scores Systems in the 
Netherlands : Future Implications.. 
BMC Pediatrics, 18: 128 
Netherlands Retrospective patient 
review & semi structured 
interviews with 
professionals  
Descriptive statistics 
and grounded theory 
PEWS Easily approachable nurses and physicians, as well as good communication, were 
considered to be vital for timely intervention in cases of clinical deterioration in 
paediatric patients.   
 
Facilitators for the implementation of registration of PEWS included the integration 
of PEWS scores into the electronic patient records 
Dean, BS, Decker MJ, Hupp D, 
Urbach AH, Lewis E, Benes-Stickle J 
(2008) Condition HELP: a pediatric 
rapid response team triggered by 
patients and parents. J Health Qual, 
30, 3, 28-31 
U.S.A. Two-year reflection 
following implementation 
of Condition Help 
(ConditionH) 
Descriptive statistics  Family 
involvement  
ConditionH criteria for activation  
 
Concern that family activated RRS could divert attention away from resources  
 
Clinician involvement important  
 
Daily ‘patient rounds’ involving patients and families is useful  
 
Patients and families have access to relevant information and understand the 
medical information and care plans 
Demmel KM, Williams L, Flesch L. 
(2010) Implementation of the 
Pediatric Early Warning Scoring 
System on a Pediatric 
Hematology/Oncology Unit. Journal 
U.S.A. Discussion of the set-up 
and implementation of a 
paediatric early warning 
scoring tool and an 
associated algorithm  
Rapid, Plan-Do-Study-
Act (PDSA) cycles were 
implemented using 
small tests of change 
PEWS Education package developed around the history and development of PEWS along 
with the rationale for and the goals of the initiative. The scoring process was 
explained and how it would be integrated into routine nursing assessments; normal 
vital sign parameters were reviewed 
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Evidence Contribution  
of Pediatric Oncology Nursing, 
27(4):229-240 
Importance of common information spaces & display of activation criteria 
throughout the hospital  
 
Senior lead commitment & importance of champions integral for implementation  
Donohue, L. and Endacott, R. (2010) 
Track, trigger and teamwork: 
Communication of deterioration in 
acute medical and surgical wards. 
Intensive and Critical Care Nursing, 
26, 10-17 
U.K. Qualitative design with 
critical incident 
technique. 
Semi-structured 
interviews with nurses 
and the outreach team 
Thematic analysis  EWS Some resistance to escalation – clinicians preferring to deal with patient problems 
within their own team 
 
Inexperienced staff teaming up with more experienced staff once patient 
deterioration was recognised  
Downey, C.L., Tahir, W., Randell, R., 
Brown, J.M. and Jayne, D.G. (2017) 
Strengths and limitations of early 
warning scores: A systematic review 
and 
narrative synthesis. International 
Journal of Nursing Studies, 76, 106- 
119  
U.K.  Narrative review  “Patterns 
were identified and 
translated to themes, 
which were further 
refined 
using an iterative 
process”.  
 
PEWS Impact on communication – packaging information. Facilitates communication 
across hierarchies  
Endacott, R., & Westley, M. (2006). 
Managing patients at risk of 
deterioration in rural hospitals: a 
qualitative study. Australian Journal 
of Rural Health, 14(6), 275-279 
Australia  Questionnaire, in-depth 
interviews and 
observations 
Content analysis and 
constant comparison  
EWS Art of referral important – using the right language and suggesting actions that 
would be acceptable to the doctor  
 
Availability of equipment a factor 
 
Negative attitude towards calling for help; Escalation dependent upon perceived 
capability of medical staff 
Ennis, L (2014) Paediatric early 
warning scores on a children's 
ward: a quality improvement 
initiative. Nursing children and 
young people, 26, 7, 25-31 
Ireland  Description of 
implementation of 
paediatric early warning 
score (PEWS) and 
subsequent audit 
(prospective cohort 
observational study) 
Simple descriptive 
statistics of numbers 
children triggering 
PEWS and compliance 
with escalation 
protocol  
PEWS Structured education and training programme on the use of ISBAR (Identify, 
Situation, Background, 
 
Assessment and Recommendation) and PEWS was provided and nurse 
manager/staff nurse in charge should review any educational requirements in 
completing PEWS, particularly for relief staff 
 
Common information spaces important & display of activation criteria throughout 
the hospital  
 
Usefulness of ISBAR as a communication tool 
 
Senior lead commitment – PEWS management policy developed/senior staff 
promote and reinforce use of PEWS  
Entwistle, V. (2004). Nursing 
shortages and patient safety 
problems in hospital care: is clinical 
monitoring by families part of the 
U.S.A. Editorial  N/A Family 
involvement  
Little evidence/no evaluations of policies or practices that encourage and support 
family involvement in clinical monitoring  
 
Propose the innovative practice of interdisciplinary rounds where families are 
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solution? Health Expectations, 7, 
pp.1–5  (editorial) 
invited, and communication is directed to the patient and family 
Gerdick, C., Vallish, R., Miles, K., 
Godwin, S., Wludyka, P. and Panni, 
M. (2010) Successful 
implementation of a family and 
patient activated rapid response 
team in an adult level 1 trauma 
center. Resuscitation, 81, 1676-
1681 
U.S.A. Routine data collection 
for number of rapid 
response team (RRT) calls 
and the result of these 
activations and 
patient/family survey 
relating to RRT activation 
Statistical analysis  Family 
involvement  
Direct mechanism for families to activate the RRT 
 
Barriers to family activation highlighted, specifically professional resistance   
 
Physician and leadership support important to overcome barriers 
Gill, F.J., Leslie, G.D. and Marshall, 
A.P. (2016) Family initiated 
escalation of care for the 
deteriorating patient in hospital: 
Family centred care or just “box 
ticking”. Australian Critical Care, 29, 
195-200 
Australia  Commentary drawing 
together family centred 
care concepts, the NSQHS 
Standards and the 
development of family-
initiated care in Australia  
N/A PEWS Family activated RRTs now increasingly common in Australia. In the first instance, 
families need to be aware of the policy.  
 
Stress the importance of understanding the number and nature of the call 
 
Reports on health professional’s resistance to it 
 
Families need vigilance to escalate care. Need resources in order to negotiate 
hierarchies and boundaries 
Greenhouse, P., Kuzminsky, B., 
Martin, S., and Merryman, T. (2006) 
Calling a Condition H(elp). AJN, 106, 
11 
U.S.A focus Discussion about the 
implementation of 
Condition Help 
(ConditionH) 
Descriptive statistics  Family 
involvement  
Appropriateness of calls is reported rather that why they are made 
 
Note some scepticism and wariness among nurses and physicians 
Hueckel, R. M., Mericle, J. M., 
Frush, K., Martin, P. L. and 
Champagne M. T. (2012). 
Implementation of Condition Help. 
Family Teaching and Evaluation of 
Family Understanding. J Nurs Care 
Qual Vol. 27, No. 2, pp. 176–181 
U.S.A. Scripted family teaching 
about RRT activation at 
the time of patient 
admission from Condition 
Help (ConditionH).   
Descriptive statistics 
about delivery of 
educational 
programme and rapid 
response team (RRT) 
call-out; survey testing 
family understanding 
Family 
involvement 
Description of ConditionHelp 
Appropriateness of calls is reported rather that why they are made 
 
James, J., Butler-Williams, C., Hunt, 
J. and Cox, H. (2010) Vital signs for 
vital people: an exploratory study 
into the role of the Healthcare 
Assistant in recognising, recording 
and responding to the acutely ill 
patient in the general ward setting. 
Journal of Nursing Management, 
18, 548-555 
U.K. Postal survey with 
Healthcare Assistants 
(HCAs) utilising closed 
and open questions  
Descriptive statistics & 
content analysis of 
qualitative data 
Observations 
and 
monitoring  
Workload and ward distractions a barrier to activation, such as time spent locating 
equipment. 
 
Disinclination to seek help from senior staff/clinicians  
 
Jensen, C. et al. (2018) Pediatric 
Early Warning Score Systems, 
Nurses Perspective – A Focus Group 
Study. Journal of Pediatric Nursing, 
Denmark Focus group exploring 
nurse’ experiences with 
PEWS 
Qualitative meaning 
condensation analysis 
PEWS PEWS as a nursing tool and therefore not valued by medic - no universal language 
because of this; “when you call and saythat they have a PEWS score of 5, then they 
don't know what 5 means” (FG2 P1). 
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14, e16–e22 
Kaul, M., Snethen, J., Kelber, S., 
Zimmanck, K., Maletta, K. and 
Meyer, M. (2014) Implementation 
of the bedside paediatric early 
warning system (BedsidePEWS) for 
nurse identification of deteriorating 
patients. Journal for specialists in 
pediatirc nursing, 19, 339-349 
U.S.A Descriptive cross-
sectional study; nurse 
and medical staff survey 
Descriptive statistics PEWS Noted that the score provides a ‘universal language’ and interdisciplinary 
communication 
Lobos AT, Fernandes R, Ramsay T, 
McNally JD. (2014) Patient 
characteristics and disposition after 
pediatric medical emergency team 
(MET) activation: disposition 
depends on who activates the 
team. Hospital Pediatrics. 4(2):99-
105 
Canada Implementation 
discussion  
Simple descriptive 
statistics   
PEWS Situation Background Assessment Recommendation (SBAR) helps to establish a 
common language and guide escalated events  
 
Negative attitude towards calling for help – traditional hierarchies a barrier to 
activation/concerns about communication between primary and responding team 
 
No false alarms and de-brief useful 
 
Importance of champions (utilising a social marketing approach) to encourage 
‘inter-professional collaboration & advisory group to help establish a sense of 
ownership 
 
Lack of support from superiors means less likely to escalate 
Mackintosh, N., Rainey, H. and 
Sandall, J. (2012a) Understanding 
how rapid response systems may 
improve safety for the acutely ill 
patient: learning from the frontline. 
BMJ Qual Saf, 21, 135-144 
 
U.K. Comparative case study a 
rapid response system 
(RRS) using ethnographic 
methods including 
observations, interviews 
and documentary review 
Inductive and 
deductive coding 
facilitated by NVivo.  
Also utilised theme 
building and 
structuring methods 
from framework 
analysis whilst also 
informed by other 
theoretical 
frameworks such as 
‘technology-in-
practice’ 
EWS Availability of equipment an issue where the track and trigger tool (TTT) was 
electronic  
 
Gave junior staff license to escalate care. Additionally, ‘while standardisation of 
practice clearly has its benefits, it also comes at a cost that these tools attenuate 
lower level staff’s authority and ability to persuade staff higher up in the 
organisation of the credibility of their knowledge’ p 143 
 
Efforts to develop junior staff’s communication and clinical understanding need to 
acknowledge power dynamics at play 
 
Usefulness of situation-background-assessment-recommendation’ (SBAR) 
communication tool as part of the escalation policy as reported by staff (not seen in 
action) 
 
Negative attitude towards escalation – difficulty in summoning a response  
 
Senior lead commitment to patient safety was important.  Zero tolerance for cardiac 
arrest was championed by senior staff 
 
Night-time/out of hours pressures identified  
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Mackintosh, N., Humphrey, C., & 
Sandall, J. (2014a). The habitus of 
'rescue' and its significance for 
implementation of rapid response 
systems in acute health care. Social 
Science & Medicine, 120, 233-242 
U.K. Ethnographic 
perspective; 
observations, semi-
structured interviews  
Data were inductively 
and deductively coded 
and organised 
thematically. 
 
 
EWS Negative attitude towards seeking help. Escalating care outside the parameters 
marked by a track and trigger tool proved difficult; Power struggles identified – 
junior staff have difficulty persuading more senior staff of the credibility of their 
knowledge 
 
Difficulties in activation across professional boundaries  
 
Massey, D., Chaboyer, W., & Aitken, 
L. (2014). Nurses' perceptions of 
accessing a Medical Emergency 
Team: a qualitative study. 
Australian Critical Care, 27(3), 133-
138 
Australia  In depth semi structured 
interviews  
Inductive approach – 
thematic analysis  
EWS Common information spaces useful.  Display of activation criteria throughout 
hospital  
 
General negative attitude towards calling for help – appearing inadequate in front 
of others  
 
Importance of leadership support 
 
Peers support – would often consult their colleagues 
McCabe, A. and Duncan, H. (2009) 
“Paediatric early warning systems: 
where do we go from here?” 
Paediatric Nursing, 21, 1, 14-17 
U.K. Opinion piece about 
lessons to be learnt from 
the adult experience of 
implementing early 
warning systems 
N/A PEWS Specific education package needed on how to use an early warning system (EWS) 
and on basic clinical assessment, guidance and standardisation of observation and 
monitoring.  Advocate situational simulated scenario education and e-learning 
 
Highlight the usefulness of communication tools such as situation, background, 
assessment, recommendation (SBAR) for establishing roles and responsibilities, 
engaging them in making an appropriate management plan that can, if necessary, 
be escalated 
 
Senior lead commitment key - reflected in resources and education - to improve the 
safety and quality of care of hospitalised patients 
 
Families need to be empowered to request a patient review  
McDonnell, A., Tod, A., Bray, K., 
Bainbridge, D., Adsetts, D., & 
Walters, S. (2013). A before and 
after study assessing the impact of 
a new model for recognizing and 
responding to early signs of 
deterioration in an acute hospital. 
Journal of Advanced Nursing, 69(1), 
41-52 
U.K. Single centre, mixed 
method before and after 
study including a survey 
to measure changes in 
nurses’ knowledge after 
implementation of a track 
and trigger system 
(T&Ts).  Also, qualitative 
interviews 
Statistical analysis and 
thematic framework 
analysis 
EWS Rolling education programme for all nurses on the recognition and response to 
deteriorating patients & an overview of the T&Ts 
Workplace pressures; nurses concerned that they couldn’t always summon a timely 
response from doctors /night time pressures also identified 
 
Need for staff concern in T&Ts 
Monaghan A. (2005) Detecting and 
managing deterioration in children. 
Paediatric Nursing. 17(1):32-35 
U.K. focus  Commentary on the 
development of the 
Brighton paediatric early 
warning score and setting 
up a paediatric critical 
Simple descriptive 
statistics of all 
activations, actions 
and outcomes during 
the first three months 
PEWS Education based model was developed to assist in recognising deterioration 
 
Temporary staff/workplace pressures impact upon staffs’ ability to detect 
deterioration  
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care outreach team of implementation  
Paciotti B, Roberts KE, Tibbets KM, 
Weirich Paine C, Keren R, Barg FK, 
Holmes J H and Bonafide CP (2014). 
Physician attitudes toward family-
activated medical emergency teams 
for hospitalized children. The Joint 
Commission Journal on Quality and 
Patient Safety, 40 (4) 
U.S.A. Semi-structured 
interviews with clinicians 
to explore physicians’ 
viewpoints on families 
facilitating the 
identification of children 
with a deteriorating 
condition.   
Grounded theory and 
constant comparison  
Family 
involvement  
Concerns that resources would be diverted away with an increase in calls – not 
supported  
Pattison, N., & Eastham, E. (2012). 
Critical care outreach referrals: a 
mixed-method investigative study 
of outcomes and experiences. 
Nursing in Critical Care, 17(2), 71-82 
U.K. Mixed method study 
looking at the impact of a 
critical care 
outreach team (CCOT) 
Statistical analysis and 
grounded theory 
EWS Availability of equipment an issue/workload 
 
Negative attitude towards calling for help – situation under control/ward business 
 
Inexperienced staff teaming up/checking with peers before calling the CCOT 
Pearson G & Duncan H. (2011) Early 
warning systems for identifying sick 
children Paediatrics and Child 
Health. 21(5): 232-233 
U.K. Brief review of the 
evidence base 
surrounding PEWS 
together with reflections 
from their own 
experiences from the 
Birmingham Children’s 
Hospital 
N/A PEWS Team training & education is important increasing confidence in the use of medical 
language and empowering bedside carers. ‘Although doing observations is 
fundamental to nursing practice many … have not been taught a structured 
approach to assessment’.  Advocate a simulated environment  
 
Value of a more structured approach to communication - Advocate the use of a 
shared communication model such as SBAR (Situation, Background, Assessment and 
Recommendation) to communicate findings to superiors 
 
Need for senior commitment – cultural change may be required to ensure 
management support (reflected in resources and education) /Importance of 
champions 
Salamonson, Y., van Heere, B., 
Everett, B., & Davidson, P. (2006). 
Voices from the floor: Nurses' 
perceptions of the medical 
emergency team. Intensive & 
Critical Care Nursing, 22(3), 138-143 
Australia  Survey with closed and 
open questions to 
examine perceptions of 
and satisfaction with the 
medical emergency team 
(MET) 
Descriptive statistics 
and content analysis 
EWS Need for more education on deterioration identified 
 
Negative attitude towards asking for help; attitude of MET team a barrier to 
activation  
Shearer, B., Marshall, S., Buist, M. 
D., Finnigan, M., Kitto, S., . . . 
Ramsay, W. (2012). What stops 
hospital clinical staff from following 
protocols? An analysis of the 
incidence and factors behind the 
failure of bedside clinical staff to 
activate the rapid response system 
in a multi-campus Australian 
metropolitan healthcare service. 
BMJ Quality & Safety, 21(7), 569-
Australia  A multi-method study; 
A point prevalence 
survey; 
A prospective audit of all 
patients experiencing a 
cardiac arrest, unplanned 
intensive care (ICU) unit 
admission or death over 
an 8-week period. 
Structured interviews 
with staff to explore 
Iterative coding EWS Adequate staffing and a lack of beds on critical care leads to a failure to activate the 
RRS 
 
Score rarely the single determining factor in activation despite the fact that staff 
recognised patients met activation criteria.  Data from the point prevalence study 
confirm this as only one patient had a serious adverse event 
 
Negative attitude towards calling for help – situation under control; treating team 
had expertise to treat (particularly when the physiological instability was in the area 
of expertise of the treating team) 
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Author Country  Methodology  Analysis  Search  
Area 
Evidence Contribution  
575 cognitive and 
sociocultural barriers to 
activation 
Traditional (intra-professional clinical) hierarchies a barrier to activation 
Sonning, K, et al. (2018) “A Survey 
of Healthcare Professionals’ 
Experiences with the Paediatric 
Early Warning Score (PEWS).” 
Norwegian Journal of Clinical 
Nursing 12(64605). 
Norway Questionnaire of a 
sample of staff who use 
PEWS 
Descriptive statistics  PEWS Nurses gain self-confidence.  More effective communication 
Stewart, J., Carman, M., Spegman, 
A., & Sabol, V. (2014). Evaluation of 
the effect of the modified early 
warning system on the nurse-led 
activation of the rapid response 
system. Journal of Nursing Care 
Quality, 29(3), 223-229. 
Sweden  Mixed method.  
Retrospective review of 
records and nurse-led 
focus groups 
Statistical analysis and 
content analysis 
EWS The RRS was valuable for junior staff escalating care across hierarchical and 
professional boundaries 
 
Senior lead commitment – culture of support promoted by nursing administrators  
Van Voorhis, K.T. and Scahde Willis, 
T. (2009) Implementing a pediatric 
rapid response system to improve 
quality and patient safety. Pediatr 
Clin N Am, 56, 919-933 
U.S.A. Discussion paper 
highlighting the process 
of developing a paediatric 
rapid response system 
(RRS) 
 
The system was 
evaluated by 
prospectively collected 
data recorded on RRS 
activation forms and 
existing performance 
improvement database 
information. 
N/A  PEWS Display of activation criteria throughout hospital on lanyards and use of white 
boards useful 
 
De-briefing following activation and a commitment to no false alarms is encouraged 
 
Senior lead commitment – administrative arm of the RRS vital 
 
Utilises ConditionHelp.  The appropriateness of calls was facilitated by the ‘no false 
alarms’ culture 
Vries, A., Draaisma, J. and 
Fuijkschot, J. (2017) Clinician 
Perceptions of an Early Warning 
System 
on Patient Safety.  Hospital 
Pediatrics, 7, 10, 579-586 
Netherlands Semi-structured 
interview  
Qualitative content 
analysis  
PEWS PEWS facilitated communication across hierarchies 
Watson, A., Skipper, C., Steury, R., 
Walsh, H. and Levin, A. (2014) 
Inpatient nursing care and early 
warning scores: a workflow 
mismatch. J Nurs Care Qual, 29, 3, 
215-222 
U.S.A. Mixed method, 
retrospective medical 
record observations and 
observations of nurse 
interactions in one-
minute blocks 
Observation analysis, 
although this is not 
described, and 
statistical analysis 
PEWS Availability of equipment a factor 
 
Score rarely the determining factor in escalation  
 
SBAR 
 
  396 
APPENDIX 21: ALDER HEY PRE-IMPLEMENTATION SYSTEM STRENGTHS AND WEAKNESSES 
IDENTIFIED BY THE PUMA TEAM 
Table 45: Alder Hey pre-implementation system strenghts and weaknesses identified by 
the PUMA team 
DETECT 
STRENGTHS WEAKNESSES 
• High level of specialist nursing expertise 
• Nurses possess excellent patient-specific 
knowledge 
• Nursing staff consistently utilise 
professional judgement alongside 
formalised observations. 
• Nurses skilled in working with and around 
technologies to achieve good observations 
• PTTT includes ‘nurse concern’ in the score 
• Family involvement in establishing baseline 
information 
• PTTT includes ‘parental concern’ in score; 
staff actively listen and respond to family 
concern 
• Staff are approachable, operate ‘open door’ 
policy 
• Vital signs monitoring equipment 
consistently available and functioning. 
• Electronic recording system disruptive 
of normal routines 
• Electronic recording system prevents 
quick overview of vital signs trends 
• Electronic recording system data entry 
time-consuming 
• Separation of monitoring and 
recording activity because of lack of 
portable computers 
• Parameters for cardiac patients not 
routinely adjusted, alarms have lost 
meaning. 
• Ward layout inhibits routine 
surveillance of children 
• No formalised method to enable 
families to communicate concerns. 
PLAN 
STRENGTHS WEAKNESSES 
• Nurses have good situational awareness of 
the area they work in 
• Ward/organisational level situational 
awareness in Shift Coordinator  
• Variable family involvement through ward 
round 
• High medical presence on the ward during 
the day 
• Pre-populated detailed nurse handover 
sheet  
• Medical handover sheet is detailed 
• Separate nursing and medical 
handovers 
• Inconsistent ward round format 
excluded nursing staff and sometimes 
families 
• No ward level situational awareness 
amongst whole nursing team 
• No face-to-face communication 
between nursing shifts; quality of 
audio variable 
• Electronic white boards infrequently 
used 
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• Coordinator has patient caseload; 
negative impact on workload 
• Built environment prevents easy 
location and communication between 
staff 
ACT 
STRENGTHS WEAKNESSES 
• Good intra- and inter-professional working 
relationships 
• Trust-level policy clearly defines escalation 
and response procedures, as well as staff 
roles and responsibilities 
 
• Doctors difficult to contact, particularly 
during the evening/night shifts 
• Junior nurses have difficulty getting 
doctors to act on concerns 
• Not all doctors do not recognise nurse 
knowledge of individual patients and 
professional judgements 
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APPENDIX 22: ALDER HEY PRE-IMPLEMENTATION SYSTEM STRENGTHS AND WEAKNESSES 
IDENTIFIED BY THE IMPROVEMENT TEAM 
Table 46: Alder Hey pre-implementation system strengths and weaknesses identified by 
the improvement team 
DETECT 
STRENGTHS WEAKNESSES 
• Use of the PEWS tool 
• Nurse in Charge or medics good at 
reviewing 
• Nursing staff good at assessment  
• Training for new nursing staff on PEWS 
and monitoring 
• Policy for observations frequency which 
can be adapted at ward level 
• Condition specific pathways do exist 
• Staff concern included on PEWS 
• Family concern included in PEWS 
• Staff felt that nurses listen to families 
 
• Meditech-6  - time consuming to input 
observations 
• Access issues for computers on wheels or 
sign-in process timely, delay in inputting 
data 
• PEWS tool insensitive tool cardiac unit 
patients 
• Layout of ward – precludes 
communication among staff 
• Meditech_6 & PEWS system = difficulty 
for using locums / bank staff / junior staff, 
high barrier 
• Fairly poor at empowering parents – no 
formal process 
• Cubicles – isolated from finding staff, 
visibility of staff 
• No formal involvement of parents in ward 
rounds 
PLAN 
STRENGTHS WEAKNESSES 
• Bed management huddles to identify 
high risk patients and children to be 
discharged 
• Meditech 6 – difficult to review trends 
and can’t break down components of 
PEWS score 
• Ward rounds bypass trends on Meditech 
– just discuss verbally 
• Handovers – juniors and consultants not 
good at handing over, especially at night 
• Nursing and medical handovers 
fragmented; info not available to 
everyone 
• Variable quality of ward rounds – rarely 
nurse involvement 
• Nurse in Charge tendency to get patient 
load when pressures – expectation that 
they will take load rather than close beds 
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or changes staff/patient ratios 
• Whiteboard (electronic) not always 
functioning on some wards 
• Nurse in Charge unable to get ward 
review (knowledge of beds and patients 
due in) because of duties 
• Risk not managed at Trust level – 
reactionary rather than preventive 
• No specific care plans (SOPs) for certain 
complex children who follow similar 
pattern (rescue plan) 
• Handover interruptions 
ACT 
STRENGTHS WEAKNESSES 
• Good communication with ward/HDU, 
regarding bed availability 
 
• Recurrent problem of getting the right 
person to see a child at the right time 
(HDU) 
• No consultant available on weekend 
• Not clear who to escalate to – no flow 
diagram or clarity about responsibility for 
patients or who to phone if someone says 
no 
• Nurse in Charge should be responsible for 
tracking down person to review, not SHO 
or nurse on phone 
• Nurse in Charge don’t typically co-
ordinate and filter bleeps/queries – 
anyone can bleep  
• Mobile phones and bleeps don’t work 
consistently 
• Surgical SHO can be very junior / in 
theatre 
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APPENDIX 23: ALDER HEY ACTION PLAN INITIATIVES 
Table 47: Alder Hey action plan initiatives 
Initiative Element of System 
initiative designed to 
address 
Understanding of the 
problem 
Intended scope 
Monthly Critical 
Deterioration Review 
DETECT Inadequate monitoring of 
patients across institution; 
variable response to PTTT; 
missed opportunities for 
detecting deterioration. 
Organisation 
Out-of-hours Standard 
Operating Procedure 
for on-call doctors 
DETECT, PLAN, ACT Doctors not working 
systematically to prioritise 
sickest children. 
On-call medical and 
surgical teams [not the 
Cardiac Ward] 
Family Engagement 
Tool 
DETECT No formal process for 
staff-family 
communication 
 
Built environment 
problematic 
 
Parents not formally 
involved in ward rounds. 
Cardiac Ward  
Training clinical staff 
on i) PEWS, ii) 
recognition and 
response to 
deterioration and iii) 
NICE sepsis screening. 
DETECT, PLAN, ACT Staff not compliant with 
Trust policy in obtaining 
and recording 
observations  
 
No standardised/trust-
wide tool to aid 
recognition of sepsis 
Organisation 
Standard Operating 
Procedure for 
improving ward rounds 
PLAN Variable format/quality of 
ward rounds 
 
Inconsistent involvement 
of nursing staff 
Cardiac Ward  
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APPENDIX 24: ALDER HEY SUMMARY OF THE IMPLEMENTATION OF PUMA ACTION PLAN 
INITIATIVES AND NON-PUMA INITIATIVES 
Table 48: Alder Hey summary of the implementation of PUMA action plan initiatives and 
non-PUMA initiatives 
Name of Initiative  Implemented?  Embedded?  
PUMA Initiatives  
Monthly Critical Deterioration 
Review 
Yes No 
Out-of-hours Standard Operating 
Procedure for on-call medical 
teams 
Yes Yes 
Family Engagement Tool No - 
Training clinical staff on i) PEWS, 
ii) recognition and response to 
deterioration and iii) NICE sepsis 
screening. 
Yes Yes 
Standard Operating Procedure for 
improving ward rounds 
No - 
Non-PUMA Initiatives  
Lower trigger threshold Yes Yes 
SEPSIS-6 pathway Yes Yes 
Appointment of additional staff: 
specialist sepsis nurses 
Yes Yes 
Development of a SOP to define 
and clarify coordinator/nurse-in-
charge roles 
Yes Yes 
Introduction of a safety huddle Yes Yes 
Ward-specific escalation plan Yes Yes 
Communication checklist for HDU 
and PICU transfers 
Yes No 
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APPENDIX 25 ALDER HEY SUMMARY OF ALL EMBEDDED PAEDIATRIC EARLY WARNING 
SYSTEM IMPROVEMENT INITIATIVES 
Table 49: Alder Hey summary of all embedded peadiatric early warning system 
improvement initiatives 
Embedded initiatives PUMA or non-PUMA 
Out-of-hours Standard Operating Procedure for 
on-call medical teams 
PUMA 
Training clinical staff on i) PEWS, ii) recognition and 
response to deterioration and iii) NICE sepsis 
screening. 
PUMA 
Lower trigger threshold Non-PUMA 
SEPSIS-6 pathway Non-PUMA 
Appointment of additional staff: specialist sepsis 
nurses 
Non-PUMA 
Introduction of a safety huddle Non-PUMA 
Ward-specific escalation plan Non-PUMA 
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APPENDIX 26: ALDER HEY POST-IMPLEMENTATION SYSTEM STRENGTHS AND WEAKNESSES 
IDENTIFIED BY THE PUMA TEAM 
Table 50: Alder Hey post-implementation system strengths and weaknesses identified 
by the PUMA team 
DETECT 
STRENGTHS WEAKNESSES 
CHANGED 
• Senior nursing staff trained in advanced 
care techniques; all nursing staff trained in 
NICE sepsis screening 
• New ward-level initiatives designed to 
improve families’ understanding of the 
ward and their child’s families (e.g.  by 
improving orientation to the ward after an 
episode of HDU/PICU care) 
• Families consider the care they/their child 
receives, and everyday communication 
with ward staff to be excellent 
• PTTT/Meditech-6 system has become 
normalised; work of using the system has 
become routine 
• PTTT/Meditech-6 system improved to 
incorporate Sepsis-specific information 
• IT infrastructure/access to computers has 
improved; easier and quicker for nurses to 
input patient observations data 
• Cardiac-specific deterioration policy 
introduced. Policy formalises appropriate 
response to PTTT scores and key vital signs 
observations and provides detail on exact 
escalation pathway for cardiac patients. 
 
UNCHANGED 
 
• Nursing staff possess high level of 
expertise and specialist clinical knowledge 
• Nursing staff possess high-level of patient-
specific knowledge/situational awareness 
• Nursing staff consistently utilise 
professional judgement alongside 
formalised observation/monitoring 
practices 
CHANGED 
• Electronic PTTT: prevents quick 
overview of historical patient 
observations (patterns and trends) 
• Electronic PTTT: patient observations 
data recorded informally before being 
transferred to electronic system, at risk 
of being lost/corrupted 
• Built environment: layout disrupts 
previously routine/normalised 
practices; impedes regular informal 
communication, prevents quick/easy 
visual review of patients, reduces space 
available for patients/families to meet 
and interact 
• Staff busy/high workload: little ‘extra’ 
time to spend with patients/family, 
early signs of deterioration may be 
missed 
• No formalised method to enable 
families to communicate concerns. 
• Routine vital signs monitoring work de-
prioritised/delayed at times, in order to 
protect needs/privacy of patients and 
family 
• Alarms frequently ignored/silenced by 
staff 
• SSN frequently pulled away from AM 
ward round; busy time, multiple 
competing concerns (queries from SNs, 
patient transfers, care of sickest 
children) 
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• Nurses adopt creative, adaptive approach 
to technological constraints/challenges: 
expert in utilising multiple, diverse 
technologies, calibrating and adapting to 
needs of complex environment 
• Staff engage in conversation with family 
about patient’s condition and typical 
baseline; information is valued and 
prioritised 
• PTTT includes ‘parental concern’ in score; 
staff actively listen and respond to family 
concern 
• Staff are approachable, operate ‘open 
door’ policy 
• Vital signs monitoring equipment 
consistently available and functioning. 
 
PLAN 
STRENGTHS WEAKNESSES 
CHANGED 
• New safety huddle: information on current 
ward status and clinical status of most 
unwell patients routinely and consistently 
communicated throughout nursing team 
 
UNCHANGED 
• Clear communication: staff communicate 
effectively across professional groups, 
with families/parents and with external 
wards/organisations 
• Consistent availability of medical 
expertise: cardiology team 
consistently/frequently present on the 
ward 
• Detailed SSN-SSN handover enables 
sharing of ward and patient-level 
situational awareness amongst senior 
nursing team; helps enable effective nurse 
workforce planning 
• Nurse handover comprehensive/detailed, 
printed information easily shared. 
 
UNCHANGED  
• Some medical routines (e.g. ward 
round) consistently exclude nursing 
staff 
• Coordinator has patient caseload; 
negative impact on workload 
• Built environment prevents easy 
location of/communication with 
coordinator 
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ACT 
STRENGTHS WEAKNESSES 
CHANGED 
• Cardiac-specific Escalation policy clarifies 
roles and responsibilities; enables 
coordinator/nurse in charge to escalate 
directly to senior medical review 
• SBAR bundled with escalation policy; 
structured style of communication reported 
to be routine 
• Increased band 6 nursing staff employed on 
the ward: 24/7 coordinator/nurse in charge 
cover 
• Improved inter-team communication. 
Consistent SSN cover provides mechanism 
for expressing concerns/escalating across 
hierarchical boundaries 
• Out-of-hours working SOP designed to 
alleviate medial workload/increase 
availability during nights and weekends 
 
UNCHANGED 
• Inter-team communication: everyday 
nurse-medic working relationships are good 
• Trust-level C40 PEWS policy clearly defines 
escalation and response procedures, as well 
as staff roles and responsibilities 
NONE IDENTIFIED 
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APPENDIX 27: ARROWE PARK PRE-IMPLEMENTATION SYSTEM STRENGTHS AND WEAKNESSES 
IDENTIFIED BY THE PUMA TEAM 
Table 51: Arrowe Park pre-implementation system strengths and weaknesses identified 
by the PUMA team 
DETECT 
STRENGTHS WEAKNESSES 
• Nurses have high awareness and 
adherence to the minimum frequency of 
observation 
• Importance of clinical judgement 
highlighted on the observation chart 
• Nurses used professional judgement – 
knowing the patient was highly valued  
• Monitoring system works across 
organisation from patient admitted on 
PAU to admission on ward  
• Core vital signs to be taken clearly 
displayed on PEWS chart  
• Observations regularly carried out on 
ward 
• Observations generally recorded on chart 
concurrently with monitoring  
• Normal parameters included on 
observation charts  
• Roles and responsibilities around 
monitoring clearly understood & 
appropriate work allocated depending on 
experience  
• Strong supportive culture – junior staff 
supported and taught by more senior 
staff.  
• Senior staff endorse always taking new 
set of obs. when doing something new 
• Equipment to take observations largely 
available 
• Family involvement strong - on admission 
staff go to meet families and staff inform 
them about use of buzzers and to come 
out to find them if concerned 
• Families often come to desk to find staff 
• Parents help to establish baseline 
• High visibility of nursing and medical staff 
on the ward 
• Staff concern does not have a value in 
the PTTT score 
• Frequency to be determined by doctors 
regularly not set, requiring nursing staff 
to determine frequency of observations 
• Ward layout & individual rooms can 
make routine surveillance difficult  
• Family concern not scored on PTTT 
• Staff unaware of exact details of their 
obs. & monitoring policy 
• Sometimes time delay in doing 
observations. due to competing 
demands 
• Lack of computers can make the transfer 
to new electronic system difficult 
• Laptops carried around to help i.e. with 
medication rounds 
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• Continuity of care ensured wherever 
possible  
• Monitoring equipment is reserved for the 
sickest children allowing some continuous 
monitoring 
• All staff encouraged to carry out a new set 
of observations at the start of every shift 
PLAN 
STRENGTHS WEAKNESSES 
• High effort to ensure continuity of care 
• Opportunity to discuss patients in nursing 
handover 
• Nurse regularly present during ward 
round 
• One lead consultant for each shift – 
continuity of care 
• High visibility of medical staff on the ward 
• White board shows name of patients’ 
allocated nurse for that day and kept 
updated  
• Nurse in charge very proactive – frequent 
‘check ins’ with rest of the staff and 
strong awareness of activity on the ward 
• Nurse in charge using colour coding on 
chart to categorise patients at risk of 
deterioration  
• Patients at risk placed closer to nursing 
station 
• Unstructured nursing handover can 
mean key details are missed 
• Separate nursing handovers for 2 
different areas of ward.  Nurse in charge 
attends one and gets an informal 
handover from other team 
• Non-medical patients not handed over 
in the medical team 
• Not always able to do continuity of care 
due to skill mix of staff (IV drugs etc) 
• Nurses handover sheets are not pre-
populated with key information  
• Nurse in charge may be a band 5 
‘stepping up’ 
• Nurse in charge has a caseload 
• Doctors handover takes place off the 
ward during the evening 
• Doctors can be difficult to locate at 
times  
• Staffing pressures on nursing team when 
decide to admit to HDU 
ACT 
STRENGTHS WEAKNESSES 
• Clear guidance on escalation procedures 
on the front of each PEWS chart 
• Escalation procedures run across PAU and 
ward 
• Staff confident to raise concerns to 
doctors facilitated by medical staff being 
easily accessible on the ward/ good 
relationships 
• Staff trust own clinical judgments and feel 
confident to escalate when needed,  
• Communication between professional 
groups generally good 
• Hard for staff to access policy document 
• Staff concern not included in PTTT score  
• Family concern not included in PTTT 
score 
• No formal guidance to family about how 
to escalate care and not always made 
aware of how to escalate concerns. 
• Some families concern not take seriously 
and described as overanxious parents 
• Some lack of awareness from agency 
staff and student nurses of exact 
escalation procedures  
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• Whiteboard clearly shows where patients 
are located and allocated nurse 
• Families encouraged to use buzzer and to 
raise concerns 
• Parents report confidence in escalating 
concerns 
• Escalation can be more difficult in 
evenings when doctors are based in the 
PAU 
• Some difficulties in escalating for non-
medical patients when responsible 
doctor is based in the adult services 
• Some tensions, especially during 
evenings when doctors less available to 
review 
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APPENDIX 28: ARROWE PARK PRE-IMPLEMENTATION SYSTEM STRENGTHS AND WEAKNESSES 
IDENTIFIED BY THE IMPROVEMENT TEAM 
Table 52: Arrowe Park pre-implementation system strengths and weaknesses identified 
by the improvement team 
DETECT 
STRENGTHS WEAKNESSES 
• PEWS – specific to different areas 
• Have improved BP monitoring - clear 
policy 
• Good learning culture – data collected; 
lessons learned within team. But staff 
change can mean lessons lost. 
• Critical incidents – weekly meetings 
(‘stand up solutions’ and ‘message of the 
week’) 
• Communication good; good team 
dynamics 
• Induction - medics told to listen to nurses 
• Families present during ward round; asked 
to share concerns  
• Nurse present to act as an advocate for 
parents  
• Staff value parental concern 
• Paper based – not matched with rest of 
system; data not so easily accessed, no 
remote access to data 
• Availability of laptops  
• Not enough vital signs monitors  
• Staff not sure what and why 
observations done 
• Staff not sure roles and responsibility. 
Cover sheet not always completed (but 
nurses trying to make this happen) – not 
easily revisable 
• PEWS score not easy to follow (doesn’t 
include staff and family concern) 
• Paper form doesn’t have effort of 
breathing 
• Staff concern recognised on PEWS form, 
but only a sentence 
• Family concern not on PEWS score. 
• Could be more formalised processes for 
encouraging parent input 
• Parents may not understand why 
observations are important 
PLAN 
STRENGTHS WEAKNESSES 
• SBAR used to handover patients between 
assessment unit and ward 
• Staff good at interpreting PEWS and 
sharing 
• Information shared at post ward round – 
reflective handover, more time to think 
and discuss 
• Watcher system – safety huddle, white 
board 
• Safety huddle attended by all doctors and 
advanced nurse practitioners and one 
• Separate docs and nurses handover 
• Different handover sheets used for each 
group 
• Single occupancy makes it difficult to 
have overview   
• Separate ward and assessment unit – 
communication challenges 
• Staff in assessment unit don’t attend 
ward round or safety huddle 
• Staffing levels – no supernumerary, has 
bleep  
  410 
senior nurse 
• Scottish acuity measurement for 
paediatric scores (SCAMPS) – collecting 
data to support staffing levels  
 
ACT 
STRENGTHS WEAKNESSES 
• Organisational policy on how to escalate 
(promptly without delay) 
• Good communication  
• Clear escalation process 
• Staff not sure what to do with PEWS 
score with staff concern 
• Anaesthetic department not involved 
sooner enough with at risk patients 
• Need to improve relationship with 
anaesthetic team 
• Some staff may not take concerns 
seriously, but can be bypassed 
• Information sharing between specialties 
could be improved 
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APPENDIX 29: ARROWE PARK ACTION PLAN INITIATIVES  
Table 53: Arrowe Park action plan initiatives 
Initiative Element of System 
initiative designed to 
address 
Understanding of the 
problem 
Intended scope 
Nurse education Detect  No structured approach to 
ongoing nurse education – 
particularly with regard to 
PEWS, and identifying 
potential deterioration on 
the ward. 
Ward 
Introduction of a 
second daily huddle 
Plan Communication between 
senior nurses and doctors 
is more challenging in the 
afternoon/evening when 
doctors are located away 
from the ward on PAU. 
 
Introduction of the 
‘SHINE’ leaflets and 
poster 
Detect No formal process for 
encouraging family 
members to express their 
concerns about possible 
deterioration 
 
Joint handover sheets, 
using SBAR 
Plan Nursing and medical 
handovers are conducted 
separately (although 
nurses occasionally attend 
medical handover). 
However, there is a belief 
that the doctors’ handover 
sheets contain information 
that would be useful for 
the nurses – and vice versa 
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APPENDIX 30: ARROWE PARK SUMMARY OF THE IMPLEMENTATION OF PUMA ACTION PLAN 
INITIATIVES AND NON-PUMA INITIATIVES 
Table 54: Arrowe Park summary of implementation of PUMA action plan initiatives and 
non-PUMA initiatives 
Name of Initiative  Implemented?  Embedded?  
PUMA Initiatives  
Introduction of a second daily 
huddle 
No No 
Joint handover sheets, using 
SBAR 
Changed 
(Doctors’ handover sheet 
changed to include all patients; 
nurses’ handover sheet 
changed from unstructured 
sheet to SBAR format) 
Yes 
Nurse education Yes No 
Introduction of the ‘SHINE’ 
leaflets and poster 
Yes No 
Non- PUMA Initiatives 
Safety huddle Yes Yes 
Electronic early warning 
scoring system 
Yes Yes 
  
  413 
APPENDIX 31: ARROWE PARK SUMMARY OF ALL EMBEDDED PAEDIATRIC EARLY WARNING 
SYSTEM IMPROVEMENT INITIATIVES  
Table 55: Arrowe Park summary of all embedded peadiatric early warning system 
improvement initiatives 
Embedded initiatives PUMA or non-PUMA 
Doctors’ handover sheet changed to include all 
patients 
Nurses’ handover sheet changed from 
unstructured sheet to SBAR format 
PUMA 
PUMA 
Electronic PEWS Non-PUMA 
Safety Huddle Non-PUMA 
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APPENDIX 32:  ARROWE PARK POST-IMPLEMENTATION SYSTEM STRENGTHS AND 
WEAKNESSES IDENTIFIED BY THE PUMA TEAM 
Table 56: Arrowe Park post-implementation system strengths and weaknesses 
identified by the PUMA team 
DETECT 
STRENGTHS WEAKNESSES 
CHANGED 
• Medical staff are now able to access 
patient observations remotely  
 
UNCHANGED 
• Staff confident to raise any concerns that 
they might have.  There is usually a 
doctor present on the ward which 
facilitates this 
• There is a strong culture of supporting 
newly qualified and junior staff.  
• Continuity of care is ensured wherever 
possible.   
• Families are still routinely involved in 
defining baselines and to assist with 
identifying any changes.  
• All staff emphasise their family centred 
approach to care. 
• Nurses are easily visible on the ward and 
approachable  
• All staff encouraged to carry out a new 
set of observations at the start of every 
shift 
• Nursing staff confident to adjust obs 
frequency as needed. 
• Monitoring equipment mostly available 
 
CHANGED  
• Changes in staff and increased use of 
agency staff means that new and junior 
staff are often unfamiliar with where to 
direct their concern  
• More work needed to look at patient’s 
trend on the electronic system.  This 
impedes pattern recognition and can 
make it more difficult to exercise 
professional judgement 
• The ability to quickly refer to the front of 
the paper observation chart to confirm 
what vital signs need to be taken for a 
certain patient has been lost which has 
meant that some more junior staff 
struggled to remember precisely what 
needed to be observed.  
• Batching of patient vital signs is now 
common 
• Lack of computers an issue, particularly 
during busy periods such as ward round  
 
UNCHANGED  
• Family concern not part of PTTT 
• Judgements about certain families made 
• Not all family concern is recognised and 
acted upon  
• No formal guidance to family about how 
to escalate care 
• Instances of families escalating to the 
Consultant when they felt their concerns 
were not listened to 
• Staff concern not an item on the PEWS 
• Doctors still not determining frequency 
of observations, despite this being a 
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requirement 
PLAN 
STRENGTHS WEAKNESSES 
CHANGED 
• SBAR for nursing handover has made it 
more efficient 
• Post ward round meeting usually 
attended by a senior nurse 
• Introduction of the morning safety 
huddle ensures all staff working on the 
ward have awareness of at risk patients 
• Safety huddle has changed language on 
the ward - “watcher” is now more 
routinely used 
• Doctors are now able to access patient 
notes remotely  
• Inclusion of all patients on medical 
handover sheet 
 
UNCHANGED 
• High effort to ensure continuity of care 
• Patient allocation after handover ensures 
awareness of all patients for nurses 
• Nurse in charge very proactive – frequent 
‘check ins’ with rest of the staff and 
strong awareness of activity on the ward 
• Regular phone calls/conversations 
throughout the day between senior 
nurses and Drs 
• One lead consultant on each shift – 
continuity of care 
• Patients at risk placed closer to nursing 
station 
CHANGED 
• Nurse in charge now less likely to attend 
doctors’ handover  
• Increased staffing pressures and reliance 
on external agency staff impact upon 
ward when a patient is admitted to HDU 
 
UNCHANGED  
• Nurse in charge may be a Band 5 ‘acting 
up’, particularly on weekends and night 
shifts 
• Nurse in charge has a caseload 
• Doctors handover takes place off the 
ward during the evening  
• Doctors can be difficult to locate at times 
when needed 
 
ACT 
STRENGTHS WEAKNESSES 
CHANGED 
• Clear and succinct handovers, facilitated 
by SBAR 
 
UNCHANGED 
• Staff trust own clinical judgments and 
feel confident to escalate when needed 
CHANGED 
• Ability to quickly refer to the escalation 
policy has been lost with the introduction 
of electronic recording equipment 
• Agency staff more likely to be unfamiliar 
with responsibilities around escalation  
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• Strong supportive environment on the 
ward 
• Generally good open communication 
across hierarchies 
• Whiteboard clearly shows where patients 
are located and allocated nurse 
 
UNCHANGED 
• Families not always made aware of how 
to escalate concerns 
• Some difficulty with escalating for non-
general patients 
• Some tensions, especially during 
evenings when doctors less available to 
review 
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APPENDIX 33: NOAH’S ARK PRE-IMPLEMENTATION SYSTEM STRENGTHS AND WEAKNESSES 
IDENTIFIED BY THE PUMA TEAM 
Table 57: Noah's Ark pre-implementation system strengths and weaknesses identified 
by the PUMA team 
DETECT 
STRENGTHS WEAKNESSES 
• Awareness of observation policy 
• Close relationship with families 
• Continuity of nursing care 
• Nurses use clinical judgement to make 
holistic assessment of child’s status  
• Talking to parents to establish ‘normal’ 
baseline 
• Staff involve and families in monitoring 
activity and teach appropriate skills  
• Family concern highlighted during 
handover 
• Families told to come find staff if have 
concerns 
• Parents supported to stay at all times 
• Minimum frequency of observations, 
tailored to needs  
• Equipment available for continuous 
monitoring in some rooms 
• High levels of external agency staff 
• No reference sources on normal 
parameters  
• Not all nurses skilled in monitoring  
• Judgments made about families and their 
concerns which can impact on support 
provided  
• Buzzers not always highlighted to families 
• No written information on family 
involvement and how to raise concerns 
• Difficult for families to find nurses on the 
ward because of layout  
• Non-compliance with observation policy 
when balancing other considerations  
• Low availability and function of 
equipment (thermometers/computers) 
• Some malfunctioning equipment 
(thermometers) 
• Ward layout makes access to equipment 
difficult    
• Patient folders not always available 
outside patient room so delays between 
monitoring and recording activity 
PLAN 
STRENGTHS WEAKNESSES 
• Regular face to face handovers for both 
nursing and medical teams  
• Nurses’ safety briefing highlighting 
patients at risk  
• No systematic method of identifying sick 
children in the medical handover 
• Nurses receive handover on all patients 
and have situational awareness of whole 
ward 
• Staff and family concerns highlighted 
• White board not always up to date and 
sick children not consistently identified 
• Fragmented situational awareness 
between nursing and medical teams 
• Lack of shared situational awareness 
between nursing and medical teams 
• Challenges of working with remote 
paediatric and adult specialists 
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during handover 
• Observations included in handover 
• Nursing handover takes place at patient 
room allowing visual assessment 
• Nurses usually allocated same patients 
to ensure continuity of care 
• Nurse in charge has good overview of 
ward  
• Highly experienced ward manager 
• White board clearly displays key 
information 
ACT 
STRENGTHS WEAKNESSES 
• Decision making support within the 
nursing team  
• Most staff confident to escalate when 
needed 
• Senior staff highlight to junior staff 
where they have concerns to make sure 
they lookout for signs 
• Mutual respect across 
professional/hierarchical boundaries 
 
• Communication more difficult when 
doctors not present on the ward 
• Challenges for junior nurses getting 
doctors to act on concerns, particular at 
night and out of hours 
• Challenges in communicating with 
multiple specialist doctors  
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APPENDIX 34: NOAH’S ARK PRE-IMPLEMENTATION SYSTEM STRENGTHS AND WEAKNESSES 
IDENTIFIED BY THE IMPROVEMENT TEAM 
Table 58: Noah’s Ark pre-implementation system strengths and weaknesses identified 
by the improvement team 
DETECT 
STRENGTHS WEAKNESSES 
• Generally right observations, taken at 
right time (despite no fixed guidance).   
• Always when new on ward - also general 
feeling these are recorded in a timely 
manner 
• There are different requirements for 
some patients (diabetic etc) which do 
have clear guidance 
• There is an ALL WALES Transfusion chart 
that is in use.  
• Used to have 11 different charts (now 4-
5) 
• Senior nurse CAN input into frequency of 
observations 
• Used to having to do other sets of 
observations eg: neuro and a specific 
booklet is available for these 
• Nursing handover occurs at every 
bedside – visual and verbal 
• There are good examples of where 
parents are listened to and appropriate 
responses occur 
• Where nurses are concerned, some 
direct parents to use the buzzer 
 
• Some differences in approaches to forms 
(surgeons have required a clear bold 
temperature line) 
• Different charts in different places and 
not always easy to find 
• Do not appear to have set times for 
observations (eg:, 2.00, 6.00, 10.00) 
• Some children fall through the net and do 
not have regular observations 
• It can be difficult to establish frequency 
for a new patient to the ward eg: 
surgeons may refuse to specify 
• Doctors don’t appreciate the time it takes 
for nurses to take observations 
• Variability in nursing skills in taking 
observations (i.e using sats probe to get 
heart rate instead of taking pulse, can’t 
take BP without Dinamap) 
• Reliance on technology.  New nurses 
already need a lot of training, so 
challenging to give them more. 
• Doctors unaware of frequency of 
observations performed by nurses 
• Do you have to have had a bad 
experience to learn? 
• Potentially some deficits in training? 
• Nurse concern is on observation form, 
but is not generally used 
PLAN 
STRENGTHS WEAKNESSES 
• Aim for “SIGHT” boards across hospital 
to show ward capacity and expects.  
• Senior nurses/doctors may ask ‘who are 
you most worried about’ at start of shift. 
• During winter extra doctor overnight – 1 
• No joined-up meetings between nurses 
and doctors  
• All Wales acuity tool not in place / not 
completed 
• Big differences between medical and 
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= emergencies, 1=chronic 
• Safety Briefings occur regularly twice a 
day (but for nurses only) 
• Regular handovers (doctor/nurse 
separate) 
• Regular bed availability 
• Huddles 
surgical teams 
• Often have to “rob Peter to pay Paul” to 
cover nursing gaps – not always 
communicated to junior staff; Band 6 
staff may alter plans 
• Drs can feel unwelcome at nursing h/o 
• Some individuals are difficult to escalate 
care to 
ACT 
STRENGTHS WEAKNESSES 
• Small hospital so easy to know who to 
contact to get help; senior nurses 
SOMETIMES feel able to escalate to 
doctors, including consultant if response 
from Registrar is felt to be inappropriate. 
• If the child is seriously deteriorating, the 
response is proportionate and 
appropriate 
• “Depends on who is on…” Both from and 
medical and nursing perspective 
• At night can’t always be confident in 
appropriate escalation processes – 
particularly difficult to get hold of 
consultants  
• Formal escalation process is not generally 
used (informal good relationships make it 
unnecessary during the day) which can 
result in poor response when it is relied 
on 
• Senior nurses feel that they could only 
informally escalate (rather than formally  
• No direct line that escalates up from 
communication point of view 
• Sense of failure in some Registrars at 
phoning consultant 
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APPENDIX 35: NOAH’S ARK ACTION PLAN INITIATIVES 
Table 59: Noah’s Ark action plan initiatives 
Initiative Element of System 
initiative designed to 
address 
Understanding of the 
problem 
Intended scope 
Modified Shine posters 
in clinical areas 
Detect  Communication with 
families ad hoc and not 
standardised.  
Perception that some 
family members do not 
feel empowered to raise 
concerns & report 
deterioration.  Overly 
anxious parents not well 
managed.   
Organisation 
Electronic site board at 
Nurses’ Stations 
Plan No clear mechanism for 
highlighting and 
communicating at-risk 
children between teams.  
Clinical staff are not 
always aware of the 
most at-risk children and 
are not efficient in 
prioritising them 
Organisation 
Reviewing and adjusting 
existing communication 
mediums 
Plan No clear mechanism for 
highlighting and 
communicating at-risk 
children between teams.  
Clinical staff are not 
always aware of the 
most at-risk children and 
are not efficient in 
prioritising them 
Organisation 
Escalation plan Act Formal escalation 
process is not used.  
Informal escalation 
relied upon through 
senior nurses.  
Escalation during night 
shifts particularly 
difficult an “depends on 
who is on”.   
Organisation 
 
  
  422 
APPENDIX 36: NOAH’S ARK SUMMARY OF THE IMPLEMENTATION OF PUMA ACTION PLAN 
INITIATIVES 
Table 60: Noah’s Ark summary of the implementation of PUMA action plan initiatives 
Name of Initiative  Implemented?  Embedded?  
PUMA Initiatives  
Electronic site board Changed  
(to white board) 
Yes 
Escalation policy Yes Yes 
Modified SHINE tool  Yes No 
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APPENDIX 37: NOAH’S ARK SUMMARY OF ALL EMBEDDED PAEDIATRIC EARLY WARNING 
SYSTEM IMPROVEMENT INITIATIVES 
Table 61: Noah’s Ark summary of all embedded paediatric early warning system 
improvement initiatives 
Embedded initiatives PUMA or non-PUMA 
White board  PUMA 
New escalation policy PUMA 
 
  
  424 
APPENDIX 38: NOAH’S ARK POST-IMPLEMENTATION SYSTEM STRENGTHS AND WEAKNESSES 
IDENTIFIED BY THE PUMA TEAM  
Table 62: Noah’s Ark post-implementation system strengths and weaknesses identified 
by the PUMA team 
DETECT 
STRENGTHS WEAKNESSES 
CHANGED 
• Improvements to availability of 
monitoring equipment  
• Embargo on use of external agency staff 
– use of own bank staff now routine  
 
UNCHANGED 
• Close relationship with families. Families 
encouraged to establish ‘normal’ baseline 
• Families supported to stay at all times  
• Families regarded as expert where 
patients had chronic conditions and 
actively involved in monitoring activities  
• Family concern highlighted during 
handover 
• Families encouraged to come find staff if 
have concerns 
• Continuity of nursing care 
• Nurses use clinical judgement to make 
holistic assessment of child’s status  
• Minimum frequency of observations well 
known and also confidence to tailor to 
needs  
UNCHANGED 
• No reference sources on normal 
parameters  
• Not all nurses skilled in monitoring  
• Judgments made about families and their 
concerns which can impact on support 
provided  
• Buzzers not always highlighted to 
families 
• No written information on family 
involvement and how to raise concerns 
• Difficult for families to find nurses on the 
ward because of layout  
• Non-compliance with observation policy 
when balancing other considerations  
• Ward layout makes access to equipment 
difficult    
• Patient folders not always available 
outside patient room so delays between 
monitoring and recording activity 
PLAN 
STRENGTHS WEAKNESSES 
CHANGED 
• Shared situational awareness of children 
at risk between nursing and medical staff 
as a result of the implementation of the 
4Ss whiteboard  
• Children at risk now routinely identified 
at the start of the medical handover 
• Nursing handover divided into two 
CHANGED 
• Ward level situational awareness of all 
patients reduced as nursing handover 
split into two  
 
UNCHANGED 
• Challenges of working with remote 
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sections to ensure optimum 
concentration on patients 
• Safety briefing information written on 
white board in the nurses’ staff room as 
well as verbally relayed which gives the 
opportunity to refer to as needed 
 
UNCHANGED 
• Regular face to face handovers for both 
nursing and medical teams  
• Nurses’ safety briefing highlighting 
patients at risk  
• Nurses receive handover on all patients 
and have situational awareness of whole 
ward 
• Staff and family concerns highlighted 
during handover 
• Observations included in handover 
• Nursing handover takes place at patient 
room allowing visual assessment 
• Nurses usually allocated same patients to 
ensure continuity of care 
• Nurse in charge has good overview of 
ward  
• Highly experienced ward manager 
• White board clearly displays key 
information 
paediatric and adult specialists 
 
ACT 
STRENGTHS WEAKNESSES 
CHANGED 
• Implementation of formal escalation 
policy 
• Changes in threshold for acceptance at 
HDU and PICU meant that staff felt more 
confident in their concerns being 
escalated  
 
UNCHANGED 
• Decision making support within the 
nursing team  
• Most staff confident to escalate when 
needed 
• Senior staff highlight to junior staff where 
UNCHANGED 
• Communication more difficult when 
doctors not present on the ward 
• Challenges for junior nurses getting 
doctors to act on concerns, particular at 
night and out of hours 
• Challenges in communicating with 
multiple specialist doctors  
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they have concerns to make sure they 
lookout for signs 
• Mutual respect across 
professional/hierarchical boundaries 
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APPENDIX 39: MORRISTON PRE-IMPLEMENTATION SYSTEM STRENGTHS AND WEAKNESSES 
IDENTIFIED BY THE PUMA TEAM 
Table 63: Morriston pre-implementation system strengths and weaknesses identified by 
the PUMA team 
DETECT 
STRENGTHS WEAKNESSES 
• All children have vital signs monitored 
four hourly, unless otherwise directed by 
doctor 
• Additional clinical observations 
communicated at handover and 
recorded on whiteboard in treatment 
room  
• Staff understand roles and 
responsibilities in relation to detection 
• Nurses encouraged to understand norm 
al parameters for each child and share 
concerns 
• Nurses encourage parents to ask for help 
if child’s status changed 
• Nurse involves parents in defining 
normal physiological parameters for 
their child 
• Doctors and nurses regularly seek 
parents view on their child’s status  
 
• Staff do not explicitly refer to or orient 
work around Observation Policy 
• Appropriate equipment not always 
functioning and/or available 
• Heart/pulse rate not checked manually 
• Fewer staff available at night and during 
weekends making it difficult to conduct 
observations 
• Different observation charts used in ward 
and PAU, which undermined monitoring 
continuity 
• No visual reminder on chart to indicate 
whether the plotted observation readings 
were in normal parameters 
• No system in place for storing charts – 
sometimes difficult to locate 
• Observations sometimes recorded on 
pieces of paper before being recorded on 
chart leading to delays in interpretation 
of trends 
PLAN 
STRENGTHS WEAKNESSES 
• Medical handovers occur with explicit 
purpose of identifying children of most 
concern 
• Nurse in charge attends medical board 
round 
• Children at risk of deterioration moved 
closer to nursing station 
• Information reviewed and updated on 
whiteboard 
• Complex shift system making 
communication and continuity of care 
more challenging 
• Nurses unable to attend wards round 
• Whiteboard not always kept up to date 
when ward busy 
ACT 
STRENGTHS WEAKNESSES 
• Escalation policy based on RCN • No standardised score or trigger that 
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guidelines 
• Nurses confident to seek senior medical 
review if required 
• Strong informal support between senior 
and junior nurses 
• Doctors often present on ward or in 
attached HDU making communication 
easier 
• Systems in place for reviewing mortality 
and critical events 
prompted action 
• Low awareness of escalation policy 
•  
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APPENDIX 40: MORRISTON PRE-IMPLEMENTATION STRENGTHS AND WEAKNESSES 
IDENTIFIED BY THE IMPROVEMENT TEAM 
Table 64: Morriston pre-implementation strengths and weaknesses identified by the 
improvement team 
DETECT 
STRENGTHS WEAKNESSES 
• Routinely use chart  
• Nurses have training on observations 
during induction and continuous (<once 
a year) 
• Policy information (observations) 
displayed on posters and regularly 
audited 
• Observation charts kept at end of bed 
• Everyone verbally encouraged to call – 
and policy states most feel confident to 
raise concerns  
• Nurse intuition  
• Training (EPLS and paediatric passport) 
• Parents verbally encouraged to raise 
concerns – during introduction to ward 
and reiterated throughout  
• Buzzer 
• Nurse advocate  
• Encourage regular feedback from 
families and children 
• Some guidelines for frequency, but not 
for all patient groups – no pro forma 
• No definition of “routine” (relies on 
clinical judgement”) 
• No normal ranges on charts 
• Potential lack of awareness of policy 
(definition of policy / poster) 
• Equipment not always available (e.g. SATs 
probes, cuffs) 
• Ward layout – unable to scan a room to 
assess children 
• Not everyone aware of policy 
• Inexperienced staff 
• Workload 
• Not sure if parents always receive / 
understand information  
• Buzzer not often used (are parent aware 
of it) 
• Nurse not always able to share this 
information with others  
PLAN 
STRENGTHS WEAKNESSES 
• Try to allocate nurses to patients when 
feasible   
• Use standardised form (SBAR) 
• Nurse in charge for each shift 
• Some staff check to see who are 
watchers (but is this done routinely) 
• Board round 
• Senior level communication  
• Nurse in charge of patient not available 
for ward rounds 
• Staff shortages 
• Separate nurse and doctor handovers 
• Weekend and night issues\- lower grade 
staff  
• Staff not always able to go on training for 
identifying risk 
• No supernumerary    
• No training on risk management 
• Ward layout 
• Junior level communication could be 
improved 
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ACT 
STRENGTHS WEAKNESSES 
• Most staff feel they receive guidance 
about when to escalate  
 
• Some don’t (is that interpretation of 
guidance?) 
• Many not sure of roles and 
responsibilities  
• Staff feel they need more training on 
communicating critical information  
• Do board rounds and ward rounds need 
to be improved? 
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APPENDIX 41: MORRISTON ACTION PLAN INITIATIVES  
Table 65: Morriston action plan initiatives 
Initiative Element of System 
initiative designed 
to address 
Understanding of the 
problem 
Intended scope 
Update and 
disseminate 
observation policy 
Detect 
 
• Lack of awareness of 
policy.  
• Some in-house 
guidelines for 
frequency for some 
conditions, but not 
for all patients - no 
pro forma. 
• No definition of 
‘routine’  
Ward 
Create posters and 
cards for staff to 
signpost abnormal 
thresholds for vital 
signs 
Detect 
 
No normal ranges on current 
observation charts; need to 
be clearer, and signpost staff 
to escalation of care. 
Ward 
Update observation 
charts to include 
normal age-related 
thresholds 
Detect 
 
Existing observation charts 
outdated. Need more clarity, 
for ease of use as a signpost 
to escalation 
Organisation   
Conduct inventory of 
equipment 
Detect 
 
Not enough suitable 
equipment to enable staff to 
conduct observations 
effectively. 
Ward 
Formally establish 
Deteriorating Child 
Study Day across health 
board 
 
Plan 
 
Staff not always able to go to 
training for identifying risk 
due to staffing issues. Desire 
to formalise course with 
Health Board approval, make 
a bi-annual event. 
Organisation 
Roll out in-house e-
learning package for 
nursing and medical 
staff 
 
Plan 
 
• Staff not always able 
to go to training for 
identifying risk due 
to staffing issues. 
• Staff feel they need 
more training on 
communication of 
critical information 
Organisation 
Ward nursing staff to 
spend more time 
observing HDU staff 
 
Plan Inexperienced staff to gain 
more knowledge, enhance 
their learning about critically 
ill children 
Ward  
Move to adopt 3x daily 
‘ huddles’/board 
Plan 
 
• Current board round 
felt to be very useful 
Ward 
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rounds 
 
for communication 
and increased 
situational 
awareness. 
• Greater frequency 
to improve and 
update patient 
reviews; plan for 
AM, 16.30, and 
21.00 
Introduce process for 
identifying ‘watchers’ 
at each ‘huddle’ and 
handover. Markers on 
whiteboard 
Plan 
 
Board rounds and ward 
rounds could be improved. 
Increase and maintain staff 
awareness of children at risk 
Ward 
Review handover 
content. Possibility of 
including nursing staff 
in medical handover 
 
Plan 
 
Handover content could be 
standardised to aid 
identification of potential 
deterioration. Opportunity 
for information sharing, 
improved situational 
awareness, less chance of 
missing information in 
separate handovers 
Organisation 
Re-establish a nursing 
supernumerary role 
 
Plan 
 
• Compliance with 
RCN standards.  
• Widespread 
agreement on 
advantages of 
supernumerary role 
(advocate for 
patients and 
families, greater 
situational 
awareness & ward 
acuity awareness) 
• Increased ability to 
identify clinical risk, 
less patient and 
family information 
‘lost’ from board 
round 
Organisation 
Establish a staff 
training course on 
situational awareness 
Plan There is no regular training 
on risk management, staff 
not routinely trained in 
situational awareness 
Organisation 
Review and 
disseminate existing 
escalation policy 
 
Act Lack of awareness of policy. 
Some staff unsure of roles 
and responsibilities around 
escalation 
Organisation 
Review communication Act Staff feel they need more Organisation 
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tools to aid escalation 
of patient care 
 
training on communicating 
critical information and 
junior level communication 
could be improved  
Explore tools for 
family/parental 
involvement  
Detect  • Not sure if parents 
always 
receive/understand 
information 
• Buzzer not often 
used 
Organisation 
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APPENDIX 42: MORRISTON SUMMARY OF THE IMPLEMENTATION OF PUMA ACTION PLAN 
INITIATIVES 
Table 66: Morriston summary of the implementation of PUMA action plan initiatives 
Name of Initiative  Implemented?  Embedded?  
PUMA Initiatives  
Create posters and cards for staff to 
signpost abnormal thresholds for vital 
signs 
Yes Yes 
Update observation charts to include 
normal age-related thresholds 
Yes Yes 
Update and disseminate observation 
policy 
Yes N/A 
Conduct inventory of equipment Yes N/A 
Explore tools for family/parental 
involvement 
Yes No 
Establish a staff training course on 
situational awareness 
Yes Yes 
Introduce process for identifying 
‘watchers’ at each ‘huddle’ and 
handover. Markers on whiteboard 
Changed Yes 
Formally establish Deteriorating Child 
Study Day across health board 
No No 
Roll out in-house e-learning package for 
nursing and medical staff 
No No 
Ward nursing staff to spend more time 
observing HDU staff 
No No 
Move to adopt 3x daily ‘ huddles’/board 
rounds 
No No 
Review handover content. Possibility of 
including nursing staff in medical 
handover 
No No 
Re-establish a nursing supernumerary 
role 
No No 
Review communication tools to aid 
escalation of patient care 
No No 
Review and disseminate existing 
escalation policy 
Yes Yes 
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APPENDIX 43: MORRISTON SUMMARY OF ALL EMBEDDED PAEDIATRIC EARLY WARNING 
SYSTEM IMPROVEMENT INITIATIVES 
Table 67: Morriston summary of all embedded paediatric early warning system 
improvement initiatives 
Embedded initiatives PUMA or non-PUMA 
Create posters and cards for staff to signpost 
abnormal thresholds for vital signs 
PUMA 
Update observation charts to include normal age-
related thresholds 
PUMA 
Update and disseminate observation policy PUMA 
Review and disseminate existing escalation policy PUMA 
Conduct inventory of equipment PUMA 
Establish a staff training course on situational 
awareness 
PUMA 
Introduce process for identifying ‘watchers’ at 
each ‘huddle’ and handover. Markers on 
whiteboard 
PUMA 
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APPENDIX 44: MORRISTON POST-IMPLEMENTATION SYSTEM STRENGTHS AND WEAKNESSES 
IDENTIFIED BY THE PUMA TEAM  
Table 68: Morriston post-implementation system strengths and weaknesses identified 
by the PUMA team 
DETECT 
STRENGTHS WEAKNESSES 
CHANGED 
• Appropriate equipment available and 
functioning 
• Laminated copy of RCN observation and 
escalation guidelines included in every 
patient file 
• Staff have easy access to normal/abnormal 
thresholds – staff use cards 
• New colour coded observation chart 
indicating normal vital sign thresholds 
• Same observation chart used in medical 
and surgical wards and PAU 
• Change in storage and management of 
patient information improved access to 
observation charts 
 
 
• Staff understand roles and responsibilities 
in relation to detection 
• Nurses encouraged to understand norm al 
parameters for each child and share 
concerns 
• Nurses encourage parents to ask for help if 
child’s status changed 
• Nurse involves parents in defining normal 
physiological parameters for their child 
• Doctors and nurses regularly seek parents 
view on their child’s status  
CHANGED 
• Not clear if staff awareness of policy has 
improved 
• Some doctors need to be reminded to 
return patient notes to treatment room 
 
UNCHANGED 
• Fewer staff available at night and during 
weekends making it difficult to conduct 
observations 
 
PLAN 
STRENGTHS WEAKNESSES 
CHANGED 
• 5 S’s (safeguarding, same name, bed 
status, sick children and staffing) covered 
UNCHANGED 
• Nurse in charge often has full patient 
load 
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at every handover 
• At risk children consistently designated a 
watcher status at board round 
• Whiteboard regularly updated  
• New acuity tool for nurse facilitates 
identification of ‘watchers’ 
 
ACT 
STRENGTHS WEAKNESSES 
CHANGED 
• Patients moved to HDU more quickly 
where risk of deterioration present 
 
UNCHANGED 
• Nurses confident to seek senior medical 
review if required 
• Strong informal support between senior 
and junior nurses 
CHANGED 
• Little evidence of increased awareness 
of escalation policy 
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APPENDIX 45: SUMMARY OF PAEDIATRIC EARLY WARNING SYSTEM IMPROVEMENT INITIATIVES ACROSS ALL CASE STUDIES  
 
Table 69: Summary of paediatric early warning system improvement initiatives across all case studies 
No Site Proposed 
Initiative  
Element of 
system being 
addressed   
Understanding/source of 
the problem 
Implemented 
Y/N/Initiative 
changed 
Embedded 
Y/N 
• Promoting/hindering factors 
1 AH Develop a tool to 
encourage family 
engagement 
Detect • Fairly poor at 
empowering parents – no 
formal process 
• Cubicles – isolated from 
finding staff, visibility of 
staff 
• No formal involvement of 
parents in ward rounds 
Y Y • Low-tech approach adopted on HDU: 
‘mypad’ marker board used by staff 
and families to record key 
information and ask/respond to 
questions. Other wards waiting for 
Trust level development of a parental 
information platform.  
12 AH Retraining on 
PEWS recognition 
and response to 
deterioration 
including NICE 
sepsis screening 
for front-line 
clinical staff  
Detect, Plan, Act • Need to improve 
recognition and response 
to deteriorating 
patients… Evidence that 
signs of deterioration 
including sepsis have not 
always been managed as 
quickly as desired 
Y Y • TRUST-mandated change: significant 
institutional support/pressure to 
implement 
“there have been a lot of other sort of 
things going on within the Trust that 
have taken quite a bit of priority.  A 
lot of work has gone on around 
sepsis, and particularly getting that 
embedded into the whole Trust 
really, not just our unit.  So we've 
done a lot of work around sepsis, to 
do with competencies, and training.” 
•  
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13 AH Implement SOP 
for out of hours 
working for on-
call medical 
teams – 
prioritising 
sickest children 
(hospital-wide) 
Detect, Plan, Act • Need to improve how on-
call junior medical team 
prioritise workload to 
identify and respond to 
the sickest patients 
across the hospital... the 
weekend ward round is 
often still ongoing at 
night time, with all 
patients being seen and 
no structured focus on 
the sickest patients 
Y Y • Medic out of hours/night shift 
working patterns and routines 
altered; evening ward round 
condensed to enable medical staff to 
prioritise review of sickest children.  
•  
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14 AH Establish a 
monthly “Critical 
Deterioration 
Review Panel” to 
learn lessons 
about which 
aspects of the 
system need 
improvement  
Detect • Need to tighten process 
of identifying and 
responding to sick 
children in the hospital… 
there is occasionally 
some complacency re. 
increased PEW score and 
response is less than 
adequate… We want to 
have a review process for 
all cases of critical 
deterioration and look for 
opportunities for 
prevention which can be 
fed back to teams in real 
time. The goal is to learn 
and continually improve 
Y N • Valued and productive process with 
institutional support but not enough 
time required to organise meetings 
and gather relevant information: 
“there was agreement to do that, but 
we haven’t got the process running 
because we haven’t got the, the 
time” 
“the preparation of the cases was like 
probably two or three days work”  
• Difficulty of getting senior/busy staff 
together to for face to face meetings. 
• Volume of work unmanageable: 
“on the days that we did it it took Ian 
and me a whole day to review the 
cases… in a one month period you 
could be looking at 25 to 30 cases 
 
20 AH Implement SOP 
for ward 1C ward 
round structure 
Plan • Wide variation in 
approach to ward round 
– depending on medical 
team/lead consultant.  
• Nursing and medical 
handovers fragmented, 
info not available to 
everyone  
N N • Wide variety of approaches to ward 
round at present; challenge of 
discussing and securing agreement 
across team 
Challenge of securing dedicated staff 
time to drive project forward. 
•  
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6 AP Introduction of a 
second daily 
huddle 
Plan • Communication 
between senior nurses 
and Doctors is more 
challenging in the 
afternoon/evening 
when medical staff are 
located away from the 
ward on PAU. 
Changed Y Whilst a formal huddle was not 
deemed possible, there was 
increased awareness of the need to 
improve communication between 
the two areas. Telephone calls 
between the ward and PAU now 
occur more frequently. In addition, 
the two areas have been brought 
together through a rotation of band 
6s working on the PAU. A safety 
huddle that takes place at 9am on 
the main ward seems to have taken 
on the momentum for addressing 
what the second daily huddle initially 
set out to do.  
9 AP Joint handover 
sheets, using 
SBAR 
Plan • Currently, nursing and 
medical handovers are 
conducted separately 
(although nurses 
occasionally attend 
medical handover). 
However, there is a 
feeling that the doctors 
handover sheets contain 
information that would 
Changed Y  •Whilst changes have been made to 
both handover sheets, a joint one 
was not progressed.  
•“…that still hasn’t happened the 
joint handover sheets because it's the 
logistics of how you get everything on 
that’s relevant to nursing and the 
medical teams for all the patients on 
the ward.  We’re getting closer 
because now, we used to just have 
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be useful for the nurses – 
and vice versa 
the paediatric patients on the 
medical handover sheets whereas 
actually the nurses need all the beds 
on the sheets, so actually the medical 
sheets, I think it's gradually merging 
•Nurses’ handover sheet has 
changed to the SBAR. They largely 
accepted the reasons why it was 
being implemented and could see 
the benefits from previous ways of 
working;   
“You tend to go off your, like a story 
as in like, oh, and it go, like an SBAR 
is probably a better way to do it if 
you can stay focused on like at that 
mo, you know like it has more of, 
erm, oh, I don’t know how to describe 
it. More of a structure” (Interview 4, 
SN)  
 
•Importantly, the handover sheet is 
not a static artefact.    
•Senior staff nurse had approval 
from the ward manager to change 
the sheet.  
“When I altered the old SBAR and I 
took it to the ward manager and said 
these are the suggestions.  She said 
yeah great, just do it, so I changed it” 
(Interview 9) 
•  
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15 AP Nurse education Detect • At present, there is no 
structured approach to 
ongoing nurse education 
– particularly with regard 
to PEWS, and identifying 
potential deterioration on 
the ward. 
Y N • Staff were being asked to attend in 
their time-off.  
16 AP Introduction of 
the ‘SHINE’ 
leaflets and 
poster 
Detect • Feeling that there is 
currently no formal 
process for encouraging 
family members to input 
their concerns about 
possible deterioration 
Y N • Staff consider themselves to carry out 
tasks already – do not distinguish the 
tool from previous ways of working;  
“I always explain, you know, that um 
you are your own child’s expert, you 
know, I don’t know what they’re 
normally like.  So you need to tell me 
if you think they’re getting worse or 
whatever, so I always ask, I always 
include the parents, always do yeah” 
(Interview 9, SSN).  
  
• Staff consider parents to already raise 
concerns effectively 
 
• Tool considered time consuming and 
does not fit into routine practice 
 
• Lack of awareness of the rationale 
behind the tool. 
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7 CF Introduction of 
electronic site 
board 
Plan • No clear mechanisms for 
highlighting and 
communicating the most 
at-risk children between 
teams. As a result, clinical 
staff are not always 
aware of the most at-
risk/sick children in their 
area – so not as efficient 
as could be at allocating 
of resources / prioritising 
high-risk children 
•  
Y Y • Introduced; use dependent on 
Registrar or SHO handing over. 
However, has changed the 
communication between senior 
nurses and doctors, with them 
phoning through to doctors handover 
if they have any concerns about a 
particular patient 
10 CF Introduction of 
new escalation 
policy 
Act • No formal escalation 
policy – and a lack of 
clarity among clinical 
staff as to escalation 
procedures when a child 
is deteriorating. Currently 
inconsistent approach. 
• Critical incident reviews 
have highlighted 
difficulties around timely 
escalation as contributing 
factor. Escalation during 
night shifts particularly 
problematic. 
 
Y Y • Policy drafted, agreed, finalised and 
shared. However, awareness on the 
ward is still low. 
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17 CF Introduction of 
parent posters 
(based on SHINE 
tool, designed to 
inform parents 
about how to 
communicate 
concerns) 
 
Detect 
 
• Inconsistency in 
information given to 
parents/family members 
when children are 
admitted. Perception that 
some family members do 
not feel empowered to 
report deterioration of 
child’s condition when it 
happens 
Y N • Staff consider themselves to carry out 
tasks already – do not distinguish the 
tool from previous ways of working; 
“I’ve always told parents, you know, 
any concerns, let me know, and you 
know, explained what we’re looking 
out for because they’re going to be 
there all the time, so if you’ve got a 
child with breathing problems and 
that’s what you’re watching, they 
usually know.  And just make sure 
that they know and they can come 
and let you know if there is 
concerns”. 
• Resistance to the idea behind the 
initiative  
I think that's a lot of responsibility for 
a parent to recognise ... you know it's 
different saying I think his breathing 
has changed, can you have a look, I'm 
a bit worried.  Than actually sort of 
rely on the parents to look at the 
rolling signs that their child's ... I 
don't think I agree with that 
(Interview 8, deputy ward manager) 
 
No. Site Proposed 
Initiative  
Element of 
system being 
addressed   
Understanding/source of 
the problem 
Implemented 
Y/N/Initiative 
changed 
Embedded 
Y/N 
• Promoting/hindering factors 
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2 SW Create posters 
and cards for 
staff to signpost 
abnormal 
thresholds for 
vital signs 
Detect 
 
• No normal ranges on 
current observation 
charts; need to be 
clearer, and signpost staff 
to escalation of care. 
Y Y Staff ownership of initiative and team 
support: role of task lead delegated 
to Clinical Educator, working with 
support of five additional team 
members. 
Cards and posters easily produced – 
achievable task, manageable without 
additional resources. Staff carry the 
cards and refer to them 
Credit-card sized tool easily 
distributed and stored – this has 
facilitated positive attitude from 
staff, and sustainable use in practice. 
Fitted into daily use/routines 
3 SW Update 
observation 
charts to include 
normal age-
related 
thresholds 
Detect 
 
• Existing obs charts 
outdated. Need more 
clarity, for ease of use as 
a signpost to escalation 
Y Y Required to get institutional 
support/buy in/sign off/ on changes 
– lengthy process and outside 
stakeholders 
 
4 SW Update and 
disseminate 
observation 
policy 
Detect 
 
• Lack of awareness of 
policy.  
• Some in-house guidelines 
for frequency for some 
conditions, but not for all 
patients - no pro forma.  
• No definition of ‘routine’  
Y N/A Emailed and staff requested to sign 
to say they had received and read  
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5 SW Conduct 
inventory of 
equipment 
Detect 
•  
• Not enough suitable 
equipment to enable 
staff to conduct 
observations effectively. 
Y N/A Inventory conducted and new 
equipment ordered 
8 SW Establish a staff 
training course 
on situational 
awareness 
Plan • There is no regular 
training on risk 
management, staff not 
routinely trained in 
situational awareness 
Changed Y • Situational awareness included in 
statutory training days. 
11 SW Review and 
disseminate 
existing 
escalation policy 
 
Act • Lack of awareness of 
policy. Some staff unsure 
of roles and 
responsibilities around 
escalation 
•  
Y Y • Updated and shared; staff signed to 
say they had received it 
18 SW Explore tools for 
family/parental 
involvement  
Detect  • Not sure if parents always 
receive/understand 
information 
• Buzzer not often used 
Y N • Ongoing  
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19 SW Introduce process 
for identifying 
‘watchers’ at 
each ‘huddle’ and 
handover. 
Markers on 
whiteboard 
Plan 
 
• Board rounds and ward 
rounds could be 
improved. Increase and 
maintain staff awareness 
of children at risk 
 
Y N Introduced idea of using Identifiable 
marks on whiteboards and handover 
sheets to highlight patients at risk – 
still trying to ensure it is routinely 
used 
21 SW Formally 
establish 
Deteriorating 
Child Study Day 
across health 
board 
 
Plan 
 
• Staff not always able to 
go to training for 
identifying risk due to 
staffing issues. Desire to 
formalise course with 
Health Board approval, 
make a bi-annual event. 
 
N N • Trying to get stamp of approval from 
RCN 
22 SW Roll out in-house 
e-learning 
package for 
nursing and 
medical staff 
 
Plan 
 
• Staff not always able to 
go to training for 
identifying risk due to 
staffing issues. 
• Staff feel they need more 
training on 
communication of critical 
information 
 
N N • Developed but awaiting institutional 
approval  
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23 SW Ward nursing 
staff to spend 
more time 
observing HDU 
staff 
 
Plan • Inexperienced staff to 
gain more knowledge, 
enhance their learning 
about critically ill children 
 
N N Not implemented; issues with lack of 
staffing 
24 SW Move to adopt 3x 
daily ‘ 
huddles’/board 
rounds 
 
Plan 
 
• Current board round felt 
to be very useful for 
communication and 
increased situational 
awareness. 
• Greater frequency to 
improve and update 
patient reviews; plan for 
AM, 16.30, and 21.00 
N N Not implemented; not all staff agree 
it is necessary 
25 SW Review handover 
content. 
Possibility of 
including nursing 
staff in medical 
handover 
 
Plan 
 
• Handover content could 
be standardised to aid 
identification of potential 
deterioration. 
Opportunity for 
information sharing, 
improved situational 
awareness, less chance of 
missing information in 
separate handovers 
 
N N Beyond scope of ward, involves other 
external stakeholders. Possible higher 
level change to nurse and doctor shift 
patterns required. 
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26 SW Re-establish a 
nursing 
supernumerary 
role 
 
Plan 
 
• Compliance with RCN 
standards.  
• Widespread agreement 
on advantages of 
supernumerary role 
(advocate for patients 
and families, greater 
situational awareness & 
ward acuity awareness) 
•  Increased ability to 
identify clinical risk, less 
patient and family 
information ‘lost’ from 
board round 
 
N N Beyond scope of the ward; involves 
other external handovers. 
27 SW Review 
communication 
tools to aid 
escalation of 
patient care 
 
Act • Staff feel they need 
more training on 
communicating critical 
information and junior 
level communication 
could be improved  
N N Site lead off sick. 
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APPENDIX 46: NEXT STEPS IN THE DEVELOPMENT OF THE PUMA PROGRAMME 
The PUMA Programme was developed iteratively over the lifetime of the study and the 
materials and resources were refined in response to feedback from the PIs and our 
experiences of the materials in use.  If the PUMA Programme is to be made more widely 
available then several additional refinements are indicated. 
First, in PUMA the assessment tools were completed on hard copy and in large sites the 
study team assisted in collating and summarising results.  If system assessment is to be 
facilitated to sustain improvement and generate a learning system, then there is a need 
for ICT to facilitate these processes. 
Second, complex interventions tend to have distributed costs and benefits, which need 
to be taken into account in implementing change.218  There are numerous examples in 
our case studies, where interventions had positive impacts for some actors but 
increased the burdens of others and/or challenged power relationships between 
groups.  Others have advocated the use of stakeholder mapping  to trace these 
relationships before implementing a change and build the necessary support for 
improvement, and this would be a useful addition to the PUMA Programme 
resources.219  
Third, we also see scope for developing practical guidance to involving parents in 
improvement processes.  This would include parental involvement in in the 
improvement team (OUTCOME Principle 5); and the use of routinely collected patient 
experience and family feedback data involvement in the local learning system 
(OUTCOME Principle 6). 
Fourth, while on-going facilitation was necessary in the context of the study, PUMA is 
intended to be a parsimonious intervention, so that it might be adapted and replicated 
widely if proven successful.  Findings from the pilot sites suggest that the PUMA 
Programme could be implemented with minimal resource.  Moving forward, further 
work is required to explore cost effective models of facilitation, for example, using a 
manualised train-the-trainer approach.  Peer to peer support could also be an option for 
scaling and spreading.222 
Fifth, all materials will need to be made available as an online resource.  
